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The 100-ton weldment illustrated above is the base unit of o 
housing for a 300,000 kw Steam Turbine. It is another example of 
Mahon craftsmanship and Mahon's ability to serve you. This heavy 
weldment, and those appearing at the left, are typical of the 
thousands of Steel-Weld Fabricated Parts and Assemblies pro- 
duced by Mahon each year for manufacturers of processing 
machinery, machine tools, and other types of heavy mechanical 
equipment. If you are not now taking full advantage of the econo- 
mies offered by welded steel components in your product, you 
should give the matter serious thought. In the design of almost any 
type of heavy machinery, or mechanical engineering project, there 
are parts and sub-assemblies that can be produced more economi- 
cally, more satisfactorily, and in less time, in welded steel. In weld: 
ments you get greater strength with less weight—plus the additiona! 
advantages of greater rigidity and 100% predictability. When 
you consider weldments, you will want to discuss your require- 
ments with Mahon engineers, because, in the Mahon organization 
you will find a unique source for weldments or welded steel! in any 
form ... a fully responsible source with complete facilities for 
design engineering, fabricating, machining and assembling... 9 
source where design skill is backed up by craftsmanship which 
assures you a finer appearing product embodying every advan- 
tage of Steel- Weld Fabrication. See Sweet's Product Design File for 
information, or have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY «+ Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 
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Weld: 304 stainless to mild steel 
Conditions: chloride corrosion 


Weld: repair of cracks in carbon-molybdenum steel 


Conditions: no preheat possible 


Equipment: drag conveyor 


Equipment: throttle valve 


Weld: Inconel* nickel-chromium alloy to ordinary steel 


405 Stainless Steel Gree 


5% Chrome Steel Lining 


af, 


Conditions: high temperature 


Equipment: furnace ret¢ rt 


A 302b Steel Shell 
\ 


Weld: 405 stainless to 5% chrome steel and A302-B steel 
Conditions: high pressure 


Equipment: pressure vessel 


Now one electrode, Inco-Rod A, 
...permits new design freedom 


No longer need difficulty in welding 
dissimilar alloys limit design possi- 
bilities. 

With Inco-Rod “A”* electrode, 
“problem” welds like those above 
are being made every day — without 
special equipment and without spe- 
cial training for weldors. Many users 
also report remarkable success with 
Inco-Rod “A” electrode in field welds 
where preheating is impossible. 


Dissimilar alloy welds made with 
Inco-Rod “A” electrode are strong, 
ductile and resistant to corrosion in 
many media. They have high im- 
pact resistance at sub-zero tempera- 


tures and good stress rupture prop- 
erties at elevated temperatures. 


When a projected design calls for 
joining two or more dissimilar al- 
loys, remember that Inco-Rod “A” 
electrode turns many “impractical” 
welds into routine jobs . . . permits 
you to use the materials best suited 
for the application you have in mind. 


To get a clearer idea of the jobs 
Inco-Rod “A” electrode can do, write 
for our new folder. It contains many 
case histories and gives useful tips 
on getting strong, sound, corrosion- 
resisting welds between dissimilar 
alloys. 


*Registered trademark 

The International Nickel Company, Inc. 

67 Wall Street fy New York 5, N.Y. 
AN ) 
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Inco-Rod “A” electrode is supplied in four diameters: 3/32-, 1/8-, 
5/32-, and 3/16-inch . . . packed in 5-lb. asphalt-lined containers. 


INCO WELDING PRODUCTS 


Electrodes * Wires ° Fluxes 


For more information, turn to Reader Service card, circle No. 463 
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... AT A GLANCE 


STRONG BONDS BETWEEN STEEL AND STEEL WITHIN 15 SEC are possible with a 
new, room temperature curing, uncatalyzed, liquid adhesive. 
Tests show that the adhesive, a modified cyanoacrylate monomer, 
can bond rubber, plastics, ferrous and nonferrous metals and 
wood to each other and to other materials within minutes. . The 
adhesive is currently available in limited quantities for test 
purposes. (More details next month. ) 


A NEW, LITHIUM TYPE ALUMINUM ALLOY is reported to maintain high strength 
at temperatures up to 400 F; conventional aluminum alloys gener- 
ally lose their strength at temperatures around 300 F. According 
to the producer, the lithium content of the alloy improves the 
metal's ductility by some 8% over that of standard aluminum alloys. 
The new metal was developed specifically for high speed aircraft 
parts and shapes. (More details next month. ) 


ANOTHER ALUMINUM ALLOY, an aluminium-silicon-manganese-magne«ium 

composition, is being used as a barrel ina newly developod 
93 automatic rifle. The alloy is said to have a tensile strength in 
\, excess of 100,000 psi and a yield strength of 90,000 psi. The 
aluminum barreled rifle is capable of firing 600 rounds per min. 


A RELATIVELY NEW THERMOPLASTIC, isotactic polypropylene, is now in 


jobs commercial production in Italy and will be available in this country 
nrite next year in the form of sterilizable opaque and translucent 

— household and industrial products. The thermoplastic, made by a 
ba low pressure process, is said to withstand temperatures over 

nilar 300 F. (A preview of the plastic will appear in next month's issue. ) 
_ Inc. STRONGER ALUMINUM AND MAGNESIUM CASTINGS are possible by "press- 

N.Y. forging" them at various temperatures. Tests conducted on "forged" 


aluminum castings show they have better yield and ultimate 
strength properties, but lower elongation, than unforged aluminum 
castings. The same improvement takes place in forged magnesium 
castings, but the strength of titanium castings is only slightly 
increased by press-forging. 


MAN-MADE INDUSTRIAL DIAMONDS, first developed about two years ago, will 
5 soon be commercially available. The diamonds, said to be equal 
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in hardness to natural diamonds, are made by subjecting 
carbonaceous materials to extremely high pressures and tempera- 
tures. The current price of man-made diamonds is slightly 
above the price of natural diamonds. 


CARBON WOOL, resembling steel or glass wool, is claimed to withstand 
temperatures of 5000 F or more under certain conditions. According 
to the producer, the product is a dense fibrous form of pure 
carbon that can be woven into cloth. The material is recommended 
as a filtering medium and as an insulation. It is supplied in 
either an activated or inert form. 


PRESSURE SENSITIVE SILICONE RUBBER TAPES, made of "fusible" silicone 
rubbers, are said to have “built-in" adhesive properties. The 
rubber tapes—a general purpose insulating type and an electrical 
conducting type—do not lose their hardness when exposed to high 
temperatures, according to the producer. The tapes are expected 
to find use as insulating materials in both military and commercial 
applications. (More details next month. ) 


HEAT RESISTANT EPOXY ADHESIVES for bonding stainless steel to itself 
and to other materials are said to withstand continuous exposure 
at temperatures up to 500 F. Laboratory tests show the adhesives 
have lap shear strengths of 1500 psi after 10 min aging at 455 F 
and 800 psi after 400 hr at 455 F. According to the producer, the 
adhesives are readily adaptable to presently used bonding 
techniques and are recommended particularly for stainless steel 
honeycomb sandwich constructions. (More details next montn. ) 


A NEW LITHIUM TYPE CERAMIC COATING has been applied successfully to 
aluminum aircraft structures. Previous attempts to coat these 
structures have resulted in blistering, bubbling, brittleness and 
excessive warpage of the coating. The coated aluminum, said to 
withstand prolonged heat of 1300 to 1350 F, can be bent, drilled, 
punched and sheared. (More details next month.) 


A HIGH DENSITY POLYETHYLENE RESIN is now available in four different 
types for easier design of plastics parts. Key to classification 
of the new resins is melt index which indicates what kind of 
flow, impact strength and stress cracking resistance the resin 
will have. Density, tensile strength and hardness are the 
same for all four types. 


ACRYLATE TYPE SYNTHETIC RUBBER COMPOUNDS seem to offer the best 
resistance to silicate ester fluids at high temperatures, recent 
research shows. This type of polymer did not erack after oil 
aging for 500 hr at 400 F, whereas other polymers crack after 200 hr 
aging. The compounds maintain 400 to 500% elongation after aging. 













Turn to page 173 for more “What’s New in Materials” 
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MATERTALS 


in the Bag 

Polyethylene bags are used to 
maintain an inert gas atmosphere 
in the welding of titanium air- 
craft parts. The plastics bag al- 
lows titanium to be heated at 
welding temperatures’ without 
contaminating the metal. 


Tanked-Up 

Vacuum sealed, stainless steel 
tanks are used aboard a cargo 
ship that transports 650,000 gal 
of orange juice from Florida to 
New York in six days. During 
the ship’s run the temperature of 
the orange juice is maintained at 


92-30 F. 


Dead Ducks Don’t Sink 

A decoy duck having a poly- 
ethylene shell and a core of ure- 
thane foam has been deliberately 
shot full of holes without affecting 
its buoyancy. The finished decoy 
weighs under 114 Ib. 


Moon over Moscow 

In addition to their recent 
efforts, Russian scientists expect 
to launch an aluminum sphere 
that will shine more brightly than 
a star of the first magnitude. The 
sphere is 25 in. in dia and weighs 
approximately 22 Ib when filled 
With instruments. 


Spotiess Meals 

A colorless liquid derived by 
electrolysis from fluorspar rock is 
said to make certain fabrics and 
suede leathers repellent to oils, 
Water, salad dressing, milk and 
ink. The stain repellent compound, 
now being tested in men’s cloth- 
ing and furniture fabrics, lasts 
through at least five dry cleanings. 








Do you get the same performance 
from every lot of BRONZE 








ies ; 4 
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If you buy bronze from Federated, you can be sure that you'll 
get exactly what you've ordered...that you will get the same 
performance out of each lot. 


Every single heat of bronze or brass made by Federated under- 
goes rigorous spectrographic or chemical testing. Alloys that do not 
exactly meet specifications are never sold. 


Moreover, you'll get exactly the same SAE, ASTM or Military 
Specification bronze every time, whether you buy daily, weekly, or 
just once in a while. Your customers know exactly what to expect 
from their castings. Your ability to produce castings of identical 
quality year after year will bring you business. 


Quality control at Federated is under the supervision of trained 
metallurgists, and you pay nothing extra for the advantages this 
quality control brings you. 


A Federated field man will be in to see you soon. Talk to him 
about metal quality. It will benefit you. 





BB Saud Miia S&S 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 
120 Broadway + New York 5, N.Y. 


in Canada: Federated Metais Canada, Ltd., Toronto and Montreal 


For more information, turn to Reader Service card, circle No. 496 
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Mallory Gyromet:.. 


the Alloy for Future Gyroscopes 


Gyromet—a new gyroscope material having higher tensile 
strength and greater elastic limit, will: 


Rotate at Greater Speeds 
Gain Greater Momentum 
Give Increased Accuracy 























° Provide Added Safety 

- Machine Readily 

° \ Further Miniaturization 

a Here is a brand new product of Mallory powder-metallurgy 

° \ research—designed for applications yet to come. If this 

— ‘\ opens a path to your research problems—ask for further 
\\ information on Mallory 1000 Gyromet, Bulletin 6-15. 

4 If your needs are not so critical as to require the advanced 

= V%" ID features of Gy -omet, look into the features of Mallory 1000 

° fa, —the alloy which has set today’s standards for counter- 

oO x v4 balance and rotational inertia problems. 

oO a *Trademark 
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om Permissible rotation speeds within the SS 
elastic range of Mallory 1000 Gyromet 
S rotors of various outside and inside 
diameters. Proportional elastic limit— 
62,000 psi. 
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In Canada, made and sold by Johnson Matthey and Mallory Ltd., 
110 Industry Street, Toronto 15, Ontario 









Expect more...get more from 











Serving Industry with These Products: | PR. MALLORY & CO. Inc 





Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts *« Special Metals * Welding Materials 


’ MALLORY & co. inc., INDIANAPOLIS 6, INDIANA 
For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
For more information, turn to Reader Service card, circle No. 445 
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New 

and interesting 
applications 

of engineering 
materials 





Stainless steel rotors, available in diameters 
ranging from %& to 12 in., are specified for... 





Carpenter Steel Co. 
... flow sensing meters used to measure cor- 


rosive fluids over wide temperature range. 


Stainless prevents corrosion 
in precision flow meter 


A special grade of stainless steel (Carpenter 
20) has eliminated the problem of corrosion in the 
precision flow sensing meters made by Potter 
Aeronautical Corp. 

The flow meter, a bearingless, turbine-type 
unit, is used in rocket, guided missile and jet 
engine fuel systems, as well as in the chemical 
and food processing industries. It is used to 
measure fluids at temperatures ranging from 
—455 to + 1200 F. and pressures of 35,000 psi and 
higher. 

The excellent machinability and corrosion re- 
sistance of the special steel are given as reasons 
for its selection, 
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Hercules Powder Co. 


Empire Steel Castings, Inc. 
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AT WORK 


Dispensing unit uses 
linear polyethylene 


One of the latest applications of 
the new high density (low pressure) 
polyethylene is the liquid fabric con- 
ditioner dispensing unit shown at 
the left. The unit, manufactured by 
Dole Valve Co., incorporates three 
molded polyethylene components: 
body, lid and spout (see top photo) 

In addition to providing advan- 
tages common to conventional poly- 
ethylene, the new material is less 
permeable to gases and vapors, mor 
resistant to environmental stress 
cracking, and somewhat less affected 
by organic solvents and chemical 
reagents. Moreover, the new poly- 
ethylene can be sterilized in boiling 
water and possesses higher density 
and tensile strength. 


Cast stainless screw 
cuts machining costs 


By designing an unusually large 
screw that can be cast rather than 
machined from bar stock, a manu- 
facturer of food processing equip- 
ment cut his material, time and 
labor costs in half. 

The screw, cast of ACI Type CF 8 
stainless steel (nominal composition: 
19 chromium, 9 nickel and 0.08% 
carbon), is 60 in. long with 6-in. dia 
flights. The shaft tapers from 3 in. 
to 3% in. over the full length (see 
photo). 

Previously, screws were fabricated 
from straight carbon steel bar stock. 
Even with a less complicated design, 
the machining required to finish the 
screws was expensive and time con- 
suming; it cost the company approxi- 
mately $1500 in material and at 
least 100 man hours in labor. With 
the cast screws, the company now 
turns, finishes and polishes the screw 
in about 42 hr, and over-all costs 
have been cut to approximately $570. 





From hand forging... 





——— 


... to precision forging ... 


% 
ae 


a= 


... to blocker-type die forging ... 


Aluminum Uo. of America 


. « » to material, time and money saved on Strato- 


fortress landing gear bulkhead components. 


Precision forged aluminum saves money, material 


The switch from hand forging and 
machining to precision forging of 
the aluminum landing gear bulkhead 
components used on Boeing’s B-52 
Stratofortresses is an effective dem- 
onstration of the benefits that can be 
derived from careful selection of the 
forms in which materials are used. 

The original part was produced by 
machining 1300 lb of aluminum from 
a 1625-lb contoured hand forging. 
The hand forging was made by 
pressing and shaping an aluminum 


blank between flat dies until it had 
a rough outline of the finished part 
(see photo above left). 

The next improvement was to use 
a blocker-type die forging made by 
squeezing a blank between a single 
set of impression dies to obtain the 
finished product’s general shape (see 
photo above right). This method 
reduced 750 lb from machining re- 
quirements. However, 645 lb of alu- 
minum were still being chipped away. 

Fina] step in the program was to 


forge the part to precision tolerances 
on a recently developed 50,000-ton 
press. The part now leaves the press 
weighing only 289 lh—67% less than 
the blocker-type die forging—and 
very little machining is required (see 
photo at bottom left). Man-hour 
requirements per part have been cut 
by 62%, savings of thousands of 
dollars in machine tool costs have 
been realized, and the amount of alu- 
minum originally needed for one set 
of bulkheads now produces eight sets. 


NOVEMBER, 1957 « 11! 














1. Original stamping made from 
0.48-in. thick SAE 1015 steel. The 
part weighs 4.2 lb. Problem: to pro- 
duce a casting of this same part 
which will withstand 800-lb maxi- 
mum push or pull load on a shock 
absorber ear and 75 ft-lb torque on 
each unlubricated U-bolt at each 
locknut. 


2. Casting design No. 1. Al- 
though this casting made of pearlitic 
malleable iron is lighter than the 
original stamping (4 Ib), it was 
found to be over-designed. Prelimin- 
ary tests indicated that ribs can be 
eliminated and the shock absorber 
ear can be tapered. 


3. Casting design No. 2. Using 
the same material, but eliminating 
ribs and tapering ear resulted in 
further weight reduction to 3.25 Ib. 
Next step was to submit part to 
stress analysis to see whether weight 
could be further reduced. 











J, ) ee 
1b maximum Toad a 


per customer speciticotions 





l | L al 








0.020 0.040 Q060 0.080 0100 20120 a149 
Deflection,in 


Improved strength and rigidity 5; 
casting over stamping is illustrated in 


load-deflection 


based on. stress 


graph 


analysis. 


Bracket redesign: a step-by-step analysis 


The spring bracket described here is of limited interest 
in itself except to the automobile manufacturer for whom 
the Central Foundry Div. of General Motors Corp. made 
this study. However, the bracket is significant as a typical 
example of what can be done through careful design to 
increase strength and reduce weight and costs. (This article is 


based on an entry in last year’s ‘“‘Best Use of Materials’’ Awards Competition. 


4. Method of test. Casting is 
fastened on production axle using 
rubber pads and steel block to dupli- 
cate spring thickness. Production U- 
bolts and locknuts are also used to 
duplicate actual loading conditions 
and torque characteristics, Strain 
gages are fastened to U-bolts; read- 
ings are taken at required torque. 
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5. Stress pattern. Using brittle 
lacquer, stress pattern on casting is 
established. The areas of highest 
stress concentration are determined 
so.that casting weight can be further 
reduced without reducing the strength 
of the part. (continued on p 224) 









































TAKE A CLOSE LOOK AT THE FULL LINE OF RCI 


_ POLYLITE ~ 


POLYESTER RESINS 





id in the RCI line a Potyuite formulation that 
roduct or manufacturing procedure @ For full 
Clip and mail the check list below. Technical infor- 


@ if you use polyester resins, you 
fits your needs, no matter what your 





information on RCI's versatile polyeé 
mation will be sent to you promptly, 
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0 ‘ RCI POLYLITE Polyester Resins for: 
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Press Molding Encapsulating 
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Creative 
Chemistry... 
Synthetic Resins « Chemical Colors « industrial Adhesives Your Partner 
Phenol « Formaldehyde « Glycerine « Phthalic Anhydride in Progress 


Maleic Anhydride « Sebacic Acid « Sodium Sulfite « Pentaerythritol 
Pentachlorophenol e Sulfuric Acid 


— *t& = ov Se tH 


REICHHOLD CHEMICALS, INC., 
RC! BUILDING, WHITE PLAINS, N.Y. 





more information, turn to Reader Service card, circle No. 400 







NOVEMBER, 1957 « 13 





IF 


YOUR 
TEMPERATURE 
PROBLEMS 
INCLUDE 
RUBBER... 


FROM STALWART 


The magic of Silicone rubber is no 
longer new. It is generally under- 
stood that these materials will with- 
stand extremely high and low 
temperatures. However, specialists 
are required to compound these 
new Silicones to provide additional 
features. In most applications, parts 
must withstand a variety of influ- 
ences ... such as hot lubricating 
oils, abrasion, ozone, compression. 

Temperature resistance is im- 
portant... but not enough. That’s 
why we recommend that you call 
a SILICONE SPECIALIST from 
STALWART when you have a 
problem that involves temperature. 


TALWART 


RUBBER COMPANY 


MANUFACTURING PLANTS IN BEDFORD, 
OHIO AND JASPER, GEORGIA: 
MAIN OFFICES AT 165 NORTHFIELD RD., BEDFORD, OHIO 


For more information, turn to Reader Service card, circle No. 493 


14 


MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 











Silicone rubber 
To the Editor: 

I have just finished reading your August issue 
and, as usual, the time was well spent. The article 
by Mr. Woerner on elastomeric linings, p 94, is a 
worthy addition to our data center, but one point 
bothered me. On p 98 it is stated that below —70 F 
the properties of silicone rubber become questionable. 
This is valid for general-purpose silicone rubber, but 
extreme low temperature silicone rubber is useful at 
least as low as —150 F. 


D. P. SPALDING 

tubber Market Development 
General Electric Co. 
Waterford, N. Y. 


Gun bluing 
To the Editor: 

The manual entitled “Conversion Coatings for 
Metals,” Aug ’57, was very interesting and informa- 
tive. What method is used by our leading gun manu 
facturers for bluing rifles and shotguns? Where can 
I get details on procedures, equipment and supplies 
for this type of coating? 

E. H. HILDEBRAND 
Baytown, Tex. 


Many of these finishes are actually black. One method 
is to place parts in a retort with charred bone, heat 
to 800 F, then add bone or carbonia oil and heat for 
several hours. The final finish is secured by dipping 
the parts in sperm oil or tumbling them in oily cork. 
This, and other finishes, are described in the ASM 
Metals Handbook. 


Metal-ceramic bonding 
To the Editor: 

I am attempting to find general information 
about soldering, brazing and bonding materials. | 
also have a particular problem concerned with at- 
taching electrical leads so as to make positive contact 
with a metal permanently bonded to a ceramic. The 
joint must withstand 800 F, but must not be formed 
at higher than 1000-1050 F. 

I would also like to learn what is known about 
metal-to-metal and metal-to-ceramic bonds in general, 
the types of bond (chemical or mechanical), what 
materials add or detract from bond strength, etc. 


DOUGLAS G. RITCHIE 
Consolidated Electrodynamics Corp. 
Pasadena, Calif. 


A copy of our manual, “Selecting Brazing and 
Soldering Materials” (Mar ’52), should help. Among 
many possible information sources are: Materials 
Technology for Electron Tubes, Reinhold Publishin 
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Ultimate tensile strength in thousands p.s.i. 


The above chart shows the range of ultimate tensile strength over a period of one year’s 


production. Average value obtained is approximately 150,000 p.s.i. 


"e.t.d” Process Applied to FATIGUE-PROOF 
Steel Bars Gives Added Strength, 
Greater Uniformity, Better Machinability 


Guaranteed 140,000 p.s.i. minimum tensile...no heat treating necessary 


Six important physical and mechanical 
properties, (1) a high strength level, (2) 
exceptional uniformity, (3) improved ma- 
chinability, (4) wear resistance, (5) resis- 
tance to fatigue, and (6) dimensional sta- 
bility, are desirable features of La Salle 
“FATIGUE-PROOF” steel bars, produced 
hy the new “‘e.t.d.”” (Elevated Tempera- 
ture Drawing) process. 


Strength... ““FATIGUE-PROOF” is a 
carbon steel bar which replaces both hot- 
rolled or cold-finished carbon and alloy 
heat-treatable steel bars. Production fig- 
ures show hardnesses between Re 30 and 
Re 36 (with a minimum hardness guaran- 
tee of Re 30). The guaranteed minimum 
tensile strength is 140,000 p.s.i. with a 
150,000 p.s.i. average. 
“FATIGUE-PROOF” is better than a 
heat treated bar because it is not quench- 
ed and tempered and so the problems 
frequently associated with quenching and 
tempering such as (1) quench cracks, (2) 
non-uniformity of section, (3) soft centers, 
and (4) heat treat distortion are eliminat- 
ed. Costly secondary operations such as 
grinding, cleaning, and straightening are 
not necessary. Rejects are minimized. 


Exceptional uniformity...““FATIGUE- 
PROOF” is remarkably uniform from bar 
to bar, end to end, size to size, and lot to 
lot. Design and production engineers can 
depend upon it being the same from day 
to day and job to job. 











Individual processing of each bar plus 
the inherent good qualities and character- 
istics of the “e.t.d.”” process account for 
the excellent uniformity. Microstructures 
are uniformly pearlitic. 


Improved machinability...“ FATIGUE- 
PROOF”, made by “e.t.d.”, machines 
50% to 100% faster than heat treated 
alloys, and 25% faster than annealed 
alloy steels. It machines with a very 
fine finish, and gives excellent tool life. 
These characteristics make it an ideal steel 
for production parts. 


Wearability ... Field applications 
such as gears, pinions, pins, and screws 
prove that “FATIGUE-PROOF” has good 
wear resistance. It resists galling and 
seizure, partly due to its hardness . . . and 
probably due to the anti-weld characteris- 
tics of its chemistry. Further, ““FATIGUE- 
PROOF’s” pearlitic structure appears to 
resist sliding wear better than a quenched 
and tempered structure of equal hardness. 


Resistance to fatigue . . . The chief 
reason for the failure of highly stressed 
parts is fatigue. While part shape, un- 
favorable residual stresses, tool marks, 
gouges in highly stressed areas, and many 
other factors contribute to fatigue failure, 
most materials have also an inherent 
quality . . . endurance limit that is an 
indication of ability to resist fatigue. 


“FATIGUE-PROOF” has this inherent 


@ STEEL Co. 


For more information, turn to Reader Service card, circle No. 363 





quality to resist fatigue. Laboratory tests 
prove that fatigue properties are at least 
comparable to those of expensive heat 
treated steels of the same strength level. 
Numerous field tests, under severe operat- 
ing conditions, have proved this to the 
satisfaction of many manufacturers. 


Dimensional stability... “FATICUE- 
PROOF” maintains a high degree of 
dimensional stability in machining be- 
cause of its low order of residual stresses. 


Details of the e.t.d.” process... 
Elevated Temperature Drawing involves 
(1) the selection of bar chemistry, (2) the 
amount of reduction in cross-sectional 
area of the bar as it is drawn through a 
special die, and (3) a preselected elevated 
drawing temperature which will result in 
the desired final properties. 

Although the “e.t.d.”’ process was first 
announced early in 1957, it has been used 
in the production of “FATIGUE-PROOF” 
steel bars since September 1955. Four 
U.S. Patents (Nos. 2,767,835, -6, -7, and 
-8) were granted October 23, 1956, cover- 
ing the “e.t.d.” process — an exclusive 
development of La Salle Steel Company. 


How manufacturers can 
obtain sample Fatigue-Proof 
steel bars for testing 


LaSalle Steel Company has announced 
that samples of “FATIGUE-PROOF” steel 
bars, made by the “‘e.t.d.”” (Elevated Tem- 
perature Drawing) process, are available 
for test purposes on a no charge basis to 
manufacturers where it appears that 
“FATIGUE-PROOF” can help improve 
products and reduce production costs. 

Applications for a sample bar are in- 
vited from manufacturers making parts 
from either hot-rolled or cold-finished 
carbon or alloy steel bars which require 
high tensile strength. 

Interested manufacturers may write for 
a test sample by sending a blueprint or 
application details direct to LaSalle Steel 
Company, Advertising Department, P. O. 
Box 6800-A, Chicago 80, Ill. 

“FATIGUE-PROOF” is also available 
from your steel distributor . . . write for 
his name. 


Brochure tells story 
of Fatigue-Proof 
steel bars 

**A New Material” is the 
title of a 24-page booklet 
which gives detailed infor- 
mation covering La Salle 
*“FATIGUE-PROOF” steel 
bars made by the Elevated Temperature 
Drawing process. 





The booklet presents the results of 


more than one year’s tests of production 
samples and reports on eight application 
case studies. Copies available on request. 


TM—Trademarks of La Salle Steel Company 


1418 150th STREET 
HAMMOND, INDIANA 
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CAMCTA Parts 


ADVANCE designs and 
produces zinc and 
aluminum die casting 
components for 
manufacturers from 
coast-to-coast. 


Whatever your zinc or aluminum 
die casting needs may be, 
ADVANCE has the creative 
engineering and production 
skill that improve product 
parts and lower costs. 


It can pay you to write ADVANCE 
for a survey and cost estimate 
on that next die cast part. 


ADVANCE 


TOOL AND DIE 
CASTING CO. 


‘These symbols are 
- + your assurance of 
control of zinc 
‘ and aluminum alloys 
Z - winder ADCI standards. 


3760 N. Holton Street 
Milwaukee 12, Wisconsin 


38 years of service 
to industry. 


For more information, turn to Reader Service card, circle No. 510 
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Corp., N. Y.; “Review of High Temperature Metal 
Ceramic Seals,” Jnl. of the Electrochemical Soc. Vol. 
102, No. 7; “Applications of Fundamental Concept: 
of Bonding Metals and Ceramics,” WADC Technical 
Report 53-356, Office of Technical Services, Dept. o/ 
Commerce, Washington, D. C. 


Synthetic rubber 
To the Editor: 

We have noted with interest Manual No. 141 in 
the September issue of MATERIALS IN DESIGN ENGI- 
NEERING. We are interested in keeping abreast of 
the different available types of synthetic rubber in 
all its classifications, particularly as applied to auto- 
motive uses. It is requested that you forward any 
additional engineering data on synthetic rubber 
which is available as of this date. 

D. E. MURRAY 
Asst. Purchasing Consultant 
International Harvester Co. 
Fort Wayne, Ind. 


There is a great deal of engineering data available on 
synthetic rubbers. A list of producers has been sent 
to Mr. Murray. 


Conductive rubber 
To the Editor: 

I believe I read an item in your magazine which 
mentioned a rubber or alkyd material matting which 
becomes conductive under pressure. A local super 
market uses some such material in the door actuato 
but does not know the manufacturer. Certain designs 
upon which I am working at the moment might be 
improved if I could get immediate information on 
this. 

WILLIAM EDLICH 
Dover, N. J. 


We do not know of a conductive alkyd material. Sev- 
eral types of conductive rubber are available and 
names of suppliers have been sent to Mr. Edlich. 


Cutting plastics sheet 
To the Editor: 


Kindly recommend a source of dimensionally 
stable plastics sheet material which can be worked 
with conventional woodworking machinery and cut- 
ters. Thickness would vary from % to 1 in. 


S. W. GEIPEL 
Metallo Gasket Co. 
New Brunswick, N. J. 


We suggest contacting one of the high pressure 
reinforced plastics laminates producers. The majority 
of these laminates can be worked with conventional 
woodworking equipment, although the paper-base 
grades will probably prove most satisfactory. 








Want help with your job? 





Use the Materials Selector issue 





How do you go about selecting 
the materials out of which your 
parts and products are to be 
made? This and similar ques- 
tions were asked of many en- 
gineers and designers when we 
started planning our special 
reference issue nearly two 
years ago. Our goal was to de- 
sign an issue that would pro- 
vide you with the basic data 
and information needed for a 
rational approach to materials 
selection. 

Now you have it 

At that time the issue was 
no more than a faint gleam in 
our eyes. Now the faint gleam 
has become a reality. Within 
the last few weeks you have 
received your copy of the Ma- 
terials Selector Reference Issue. 
We believe it comes close to 
achieving our original aims, 
and we hope you will agree. 

A quick examination of the 
issue will show you why we 
called it the Materials Selector. 
It is a reference manual that 
embodies the basic data and 
steps for a systematic approach 






to materials selection. There 
are two major sections: a Data 
Section and a Directory Sec- 
tion. The Data Section contains 
extensive data on virtually all 
important engineering materi- 
als (including finishes and 
coatings) and the forms in 
which they are available. The 
Directory Section lists. the 
sources of supply of these ma- 
terials, forms and finishes. 

The most distinctive feature 
about the Selector is its organ- 
ization. All of the data and 
information are organized in 
such a way that you can pro- 
ceed systematically to narrow 
your choice of the materials 
that will meet the specific ser- 
vice requirements of your part 
or product. 
How it works 

For example, there are data 
sheets that compare various 
materials with respect to a 
given property. From them 
you can select the materials 
that will meet your most criti- 
cal requirements. These ma- 
terials then can be further in- 


vestigated by turning to the 
data sheets listing the typical 
properties of specific materials. 
Proceeding still another step, 
information on the characteris- 
tics, advantages and limitations 
of the various forms of the 
materials can be obtained in 
the section devoted to this sub- 
ject. And finally, the Directory 
provides the names and ad- 
dresses of suppliers who can 
provide the other data or help 
you may need on properties, 
availability and cost. 
A systematic approach 
Materials selection probably 
will never be reduced to the 
mathematical precision possible 
in many phases of engineering 
and design. But this does not 
preclude the use of systematic 
approaches to this complex 
problem. The Materials Selec- 
tor Reference Issue is one such 
approach. We hope you find it 
useful. We also hope you will 
send us your comments and 
suggestions so that we can 
make it even more useful to 
you next year. 
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Complex shapes are made by the 
hot extrusion process. 


@ Production of complex shapes 
by hot extrusion, practiced for 
many years in nonferrous metals, 
was extended to steels by intro- 
duction of the Ugine-Sejournet 
process (MATERIALS & METHODS, 
Mar ’50, p 56). By following hot 
extrusion with cold drawing, it 
is possible to produce steel sec- 
tions of complicated design with 
the close tolerances that are 
characteristic of cold drawing. 
Hot extruded, cold drawn sections 
are now being produced for many 
applications (see photos), in- 
cluding such diverse items as re- 
volver parts and helicopter rotor 
blade sections. 

Advantages 

Production of shapes by hot ex- 
trusion has a number of advan- 
tages: 

1. Since extrusion is completed 
in a few seconds, the temperature 
remains practically constant. As 
a result mechanical properties are 
uniform throughout the bar and 
there is less directionality than 
occurs in rolled sections; trans- 
verse properties are virtually 
equal to longitudinal properties. 
In addition, there is practically 
no decarburization. 

2. Complex sections that cannot 
be produced by rolling, can be 
produced economically by hot ex- 
trusion. 

3. Since the dies cost much less 
than rolls, hot extrusion is eco- 
nomical for small quantity pro- 
duction. 

4. Scrap loss is small, a factor 
of considerable importance in pro- 


Hot Extruded 
Steel Shapes 


can save you money... 


by R. L. Hugo, 
Jones & Laughlin Steel Corp. 


ducing parts from high cost 
metals. 

5. Because of the short time 
required to make dies and set up 
the press, orders can be executed 
rapidly. 

Following hot extrusion with a 
cold drawing operation § gives 
additional advantages: 

1. Tolerances are frequently 
close enough to reduce machining 
to a cut-off operation. At present, 
shapes are produced to a tolerance 
of 0.003 in. 

2. Fillets, fins and deep slots 
that cannot be produced econom- 
ically by hot extrusion alone can 
be introduced into the _ section 
during cold drawing. 

3. Surface finishes are usually 
better than those obtained by 
rolling. 

Limitations 

Like all other production meth- 
ods, hot extrusion has certain 
limitations that must be consid- 
ered in designing parts. Generally 
these limitations involve size and 
shape. 

Size—Because of mill capacity, 
production at Jones & Laughlin 
is limited to shapes measuring 
not more than 3 in. between the 
extremes; a shape that can be 
inscribed into a 8-in. dia round 
can be produced, but it might be 
impossible to produce a part in- 
scribed into a 3-in. square because 
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the diagonal is greater than 8 in. 
in length. 

There is also a minimum size. 
For economical operation, it is 
impractical to extrude sections 
weighing less than 0.7 lb per ft 
—roughly the weight per foot of 
a 14-in. round. 

Wall thickness of a section can 
be no less than 1/8 in. and pre- 
ferably not less than 3/16 in. An 
increase in height of the wall re- 
quires an increase in thickness. 

Shape—Shallow radii and ir- 
regularities in the surface or 
periphery of the bar are relatively 
simple to produce by extrusion. It 
is these configurations that are 
sometimes most expensive to pro- 
duce by machining. 

On the other hand, certain 
shapes are not economically suited 
for production by hot extrusion. 
Deep slots, undercuts and fine 
tooth shapes are not practical at 
present because heat and pressure 
cause rapid erosion of the die ma- 
terial at the sharper areas of the 
die. A rule of thumb: a slot 
should be three times as wide as 
it is deep and should have gen- 
erous radii at the two bottom 
fillets. 

Small acute angles are not 
desirable for steel extrusion. At 
fillet points, a minimum radius of 
1/32 to 1/16 in. is desirable. 
Materials 

Extrusions are regularly pro- 


duced from the commonly used 


steels, including 1015, 1018, 1020, 
1045, 1050, 4130, 4340 and 8630. 
In addition, extrusions can be 
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iced from the 3300 series of and hinges; as the wing leading 
nickel-chromium steels, the 4300 edges in guided missiles; and to 
series of nickel-chromium-molyb- attach the blades to the shaft 
denum steels, the 6100 series of in helicopters. They are used as 
chromium-vanadium steels, and various components of business 

machines, machine and hand tools, 

textile and woodworking machin- 
ery, and mining equipment. A few 
specific applications are illustrated 
on this page. 
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tool steels. 


Applications 

Hot extruded, cold drawn sec- 
tions are used in airframe com- 
ponents such as channels, angles 








...and here’s how 


Clamp Fansteel Metallurgical 
Corp. uses clamps produced from 
1018 steel to hold molybdenum bars 
during sintering. The clamps were 
formerly machined from cold drawn 
flat stock; replacement by a hot ex- 
truded, cold drawn shape has resulted 
in a saving of 76%. 














Pawl Snow Mfg. Co. is using a hot extruded, cold drawn shape as a pawl 
on a dial indexing fixture for a drilling and tapping machine. Only operations 
required are cutting from the extruded section and drilling a hole. Previously, 
the pawl was machined from a hot rolled flat section; changing to the extruded 
section resulted in a 75% reduction in cost. 











Chain link Hopkins Machine 


Co. produces a machine for coating 











Bar Goss Printing Press Co. is using a hot extruded, cold drawn shape 
about 70 in. long as an ink control device for the Headliner printing press. 
Th is section is supplied stress-relieved and cut to length, ready for installation 
m the press. The section is made from AISI 1018 steel and was formerly 
machined from rectangular hot rolled flats in nine operations. The extruded 
bar requires only drilling of holes before installation; the change has resulted 
in a saving of 50%. 







paint can ears with solder, one com- 
ponent being a chain that carries the 
ears into the solder pot. This part, 
formerly made of forged AISI 1041, 
is now produced from an extruded 
shape at a saving of 20% in the over- 
all cost of the chain. 
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Phenolic Diverter valve for Norge washing ma- 


chine requires intricate coring and a brass insert to serve 


as a bearing. The phenolic molding material is specially 
formulated for wet-inside-dry-outside service. 





This is the first of two articles on plastics moldings. 
These articles are intended to help you select the proper 
materials and design effectively for plastics parts. 


by James E. Johnston, Vice President, Chicago Molded Products Corp. 


@ Compression and transfer mold- 
ing techniques are used to produce 
thermosetting plastics parts eco- 
nomically and with consistent 
quality. The molding methods are 
capable of relatively high produc- 
tion rates, and can be adapted to 
produce a wide variety of shapes 
and sizes at reasonable cost. 

In designing a plastics molding, 
materials selection cannot usually 
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be divorced from the development 
of the design shape. The two con- 
siderations are interrelated. The 
materials must be selected to meet 
the operational requirements of 
the part. The shape of the part 
must then conform to the require- 
ments of the most economical 
molding method for shaping that 
material. 

The purpose of this article is 
to summarize the types and char- 
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a. 












Here are typical compression and transfer moldings made of 








Barrett Div., Allied Chemical & Dye Corp. 


Urea Base for a blending machine is molded of urea, 
permitting production in virtually unlimited colors. 


Designing for Compression 


acteristics of materials that can 
be specified as compression or 
transfer moldings, and to make 
design recommendations that will 
help the engineer correlate mate- 
rials selection and design before 
specifying compression or trans- 
fer molded parts. 
Materials 

Practically all plastics used for 
compression and transfer molding 
are thermosetting. The following 
discussion is intended only to 
summarize the most important 
characteristics of each type of 
molding material. 

Phenolic — Perhaps the most 
widely used compression and 
transfer molding materials are 
phenolics. The molding powders 
are relatively low in cost (approx!- 
mately 20 to 24¢ per Ib). Th 
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the four most common 


decorative overlay extremely difficult. 


Melamine Beer tap of melamine has compound 


curvatures making application of the integrally molded 


materials 
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Barrett Div., Allied Chemical & Dye Corp. 


Al kyd TV tuner segments require the good dielectric 
qualities of a mineral-filled alkyd, and must be compres- 


sion molded at relatively high speeds. 


and Transfer Moldings 


moldings have good heat resist- 
ance, good electrical insulating 
properties, good rigidity and 
strength, low moisture absorption, 
good dimensional stability, and a 
hard lustrous surface. Phenolic 
compression moldings as large as 
60 lb have been produced using 
large presses and high frequency 
induction heating. 

The principal limitation of 
Phenolics is their colorability; 
color is generally confined to 
blacks, browns and other dark 
shades since pastel shades and 
light colors have a tendency to 
fade in phenolics. 

Phenolic molding compounds are 
available with a variety of fillers 
intended to enhance various phys- 
ical or electrical properties. The 
more common types are: 1) wood- 


flour, which provides good mold- 
ing characteristics and an excel- 
lent surface finish, in addition to 
good mechanical and electrical 
properties, 2) cotton flock, which 
provides high tensile and impact 
strengths, 3) chopped cloth, which 
provides high impact strength, 4) 
mica, which provides outstanding 
electrical properties, and 5) glass 
fibers, which provide maximum 
strength and resistance to high 
and low temperatures. 

Urea—Urea molding compounds, 
usually more expensive than phe- 
nolics (approximately 35¢ per Ib), 
are used primarily for their color- 
ability. Colors available range 
from pure white through pastels 
to brilliant hues. 

Urea compounds are _ usually 
filled with alpha cellulose and are 


available with a variety of flow 
characteristics. The softest flow 
formulations are capable of flow- 
ing for a longer period of time in 
the mold without setting up and 
are usually used for large mold- 
ings—particularly those with deep 
draws, such as housings and cabi- 
nets—or for transfer moldings. 
The stiffer flow compounds gener- 
ally require shorter cure times 
and are best suited for molding 
buttons, closures, electrical and 
stove hardware, and other smaller 
parts. 

Melamine — Melamine molding 
compounds, higher in cost than 
ureas (about 40 to 45¢ per Ib), 
provide physical, mechanical and 
electrical properties generally su- 
perior to those of ureas. Mela- 
mine moldings maintain their 
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properties over a_ substantially 
wider temperature range than the 
ureas, and also have appreciably 
more resistance to moisture and 
chemicals. 

In general, melamine moldings 
have high surface hardness, excel- 




























There is a basic difference 
between thermoplastics and ther- 
mosetting resins which should be 
understood before the intricacies 
of the various molding methods 
are considered. Thermoplastic 
molding materials are usually 
supplied as polymers’ which 
soften when heated and harden 
when cooled. Thermosetting 

molding materials are supplied 
as partially polymerized mate- 
rials which soften sufficiently to 
mold on initial heating, but 
| which harden and cure (com- 
pletely polymerize) when heat- 
ing is continued. They cannot be 
softened by subsequent heating. 


lent resistance to boiling water 
and strong solvents, color stabil- 
ity, good dielectric properties and 
resistance to tracking. They are 
also self-extinguishing, odorless 
and tasteless. 

Melamines flow for a relatively 


The Molding Processes 


As a rule, thermosetting mate- 
rials are molded by compression 
or transfer techniques, though 
in some cases thermoplastics 
may be formed by these tech- 
niques, viz., vinyl phonograph 
records. Thermoplastic materials 
are usually molded by injection 
molding or by extrusion. 
Compression molding 

In compression molding, the 
granular or preformed molding 
material is loaded into a heated 
mold cavity. The mold is closed 
ander relatively low pressure 
until the two mold halves exert 
pressure on the material. This 
application of heat and pressure 
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Flash mold (closed) 






long period of time in the 
and thus are well suited to t) 
fer as well as compression ; 
ing. Even high impact str: 
grades usually can be tra) 
molded with proper mold des 
Alkyd — Moldings made 


softens the material and as 
higher pressure is applied, the 
material is forced into all parts 
of the mold. The mold remains 
closed and under pressure until 
the part is set or cured, after 
which the part is removed. 

Four basic types of molds are 
used in compression molding. 
Though usually the selection of 
the type of mold should be left 
up to the molder, a general 
understanding of the types may 
be helpful to the designer or 
engineer. 

1. Fully positive molds are 
used where maximum density 
and superior electrical and phys- 
ical properties are required, The 
full molding pressure is exerted 
directly on the material through- 
out the entire molding cycle. The 
mold plunger telescopes into the 
cavity, preventing escape of ex- 
cess material. The mold is 
stopped by the compressed plas- 
tics material, determining the 
height of the piece and the thick- 
ness of the bottom. This tech- 
nique is generally not recom- 
mended for multi-cavity molds. 

2. Landed positive molds are 
so constructed that the travel 
of the plunger is stopped at a 
predetermined point by metal 
lands. They are sometimes used 
to control the height and thick- 
ness of parts, as well as to com- 
pensate for variations in weight 
of charge. This is considered 
poor practice when maximum 
density is desired in the molded 
part. 

3. Semipositive molds contain 
such features as flash ridges, 
telescoping parts and external 
lands. As the mold closes, excess 
plastics material escapes _be- 
tween the flash ridges, equalizing 
differences in weight of charges. 
The subsequent telescoping ac- 
tion traps and compresses the 
material with direct pressure, 
helping to assure proper density 











| or polyester resins have ex- 


cep’ ional dielectric characteristics, 
arc resistance and dimensional 
stability which are retained after 


exposure to high humidity condi- 
tic Substantial properties are 
retuined after exposure to tem- 





of the part. When the mold is 
fully closed, some of the molding 
pressure is borne by the lands. 

4, Flash or overflow molds, 
less expensive than the other 
types, are used for molding flat 
or shallow parts, especially in 
multiple cavities. They are de- 
signed so that the mold halves 
register exactly. The plunger 
travel is regulated by areas of 
reduced size calied flash ridges 
or cut-offs. 


Developments in recent years 
have been toward more com- 
pletely automating the compres- 
sion molding cycle, and thus in- 
creasing production rates. Im- 
provements have been brought 
about in mold design, in han- 
dling operations and in auxil- 
iary press equipment, especially 
dielectric preheating units. Tool- 
ing for compression molding is 
less expensive than that for 
transfer molding and is suitable 
for production of large parts. 


Transfer molding 

In transfer molding, the gran- 
ular or preformed material is 
loaded into a heated chamber 
connected to the mold cavity or 
cavities by sprues and runners. 
The heat and pressure applied 
to the outer chamber force the 
material through the sprue and 
runners into the heated, closed 
mold cavity or cavities. Heat is 
continued in the closed mold 
until the material has set or 
cured, after which the mold is 
opened and the part or parts 
removed. 

Since the mold is closed ini- 
tially, the amount of flash which 
must be removed is less than in 
compression molding. Also, as 
a rule more delicate mold pins 
and inserts, and thinner sections, 
can be used. Transfer molding 
also provides materials handling 
advantages in that only one pre- 
form, rather than several, is 
loaded for each mold cycle. 


peratures of about 400 F. Alkyd 
compounds reinforced with glass 
fibers produce parts with excep- 
tional strength and toughness as 
well as good dielectric properties 
and dimensional stability. 

Alkyd materials are fast curing 
and are available in several forms 
to meet various design needs (see 
MATERIALS IN DESIGN ENGINEER- 
ING, Oct ’57, p 134). Molding com- 
pounds may contain mineral fillers 
or be reinforced with fibrous glass. 
The mineral-filled compounds are 
available in both putty and gran- 
ular forms. Putty is especially 
useful in encapsulating small elec- 
trical resistors and capacitors; the 
granular type is adaptable to 
automatic molding of parts for 
small electrical and electronic com- 
ponents. 

Polyester premix materials can 
be defined as “do-it-yourself” al- 
kyd molding materials. Instead 
of the molder purchasing a mold- 
ing compound, he purchases the 
polyester resin, reinforcement, 
catalyst and pigment, and com- 
pounds them himself. The premix 
is then usually extruded in rope 
form, cut to convenient preform 
lengths and compression molded. 
Premix molding is one of the fast- 
est growing segments of the poly- 
ester or alkyd field. 

Thermoplastics—Basically, 
thermosetting materials are com- 
pression or transfer molded and 
thermoplastics are injection mold- 
ed. It is possible to compression 
mold thermoplastics, but this is 
done only in uncommon cases 
when the design of the part in 
some way makes injection molding 
impractical. 

Design considerations 

The designer or engineer must 
be somewhat familiar with com- 
pression and transfer molding 
techniques in order to design parts 
to be produced most effectively by 
these methods (see accompanying 
box). With present-day molding 
techniques, it is possible to mold 
almost any shape. However, the 
more complicated the shape, the 
more expensive will be the part. 
The design factors discussed here 
are generally valid. Exceptions to 
most all of them can be made at 
appropriate costs. 












Polyester molding material is used 
to mold heat resistant frying pan 
handles in a variety of pastel colors. 





Nylon insert is molded into this 
phenolic part for a Servel ice maker. 
Special techniques must be developed 
since nylon is a thermoplastic mate- 
rial of relatively low melting point, 
whereas phenolic is thermosetting 
and must be molded at relatively 
high temperatures. 


Draft — Usuaily a minimum 
draft of 4% to 1 deg shouid be 
allowed for easy removal of the 
part from the mold. 


Draws—Draws should not be 
specified any deeper than are 
necessary. 


Fillets, radii—Curves and radi- 
used corners are far simpler and 
less expensive to mold tian right 
angies and sharp edges. Sharp 
corners reduce the life of molds, 
and can cause poor flow of the 
molding compound. Liberal use 
of fillets at inside corners adds 
strength to the part and also helps 
to minimize distortion due to 
warpage. 

Beads—Beads, steps, or other 
discontinuities also may help to 
prevent warpage in large flat sur- 
faces and can improve the appear- 
ance of the molded part. However, 
always aim for simplicity and 
smooth flowing lines in the molded 
part. 
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Transfer molded phenolic part for 
a David White slide viewer is rela- 
tively complex and requires a brass 
insert, 


Section thickness—Sections of 
the molded part should be kept as 
thin as strength requirements 
permit; keeping sections thin will 
not only minimize materials cost 
but also reduce cycle time because 
of faster heat transfer during 


cure. Section thickness should also 
be kept as uniform as possible to 
provide most effective flow of 
resin during molding. In many 
cases where large areas occur, 
section thickness can be reduced 
by use of ribs to provide addi- 
tional strength. 

Parting line—If possible, design 
the part so that the mold parting 
line occurs in one plane (see 
Fig 1). Irregular parting lines 
cause additional tool expense and 
added production problems. Also, 
locate the mold parting line where 
it will not be readily noticed and 
where flash can easily be removed 
after the molding operation. In 
specifying the part to the molder 
be sure to stipulate areas where 
tolerances will not permit location 
of parting lines or ejector pin 
marks. 

Undercuts—When possible, avoid 
undercuts that require a _ split- 
cavity mold. Such molds reduce 
speed of production and increase 
tooling costs considerably. Intri- 


cate details, such as lett, 
should be located on sy) 
parallel to the mold parting 
In designing such lettering, 
and radiused corners shou! 
specified. 

Lugs—Projecting lugs ij; 
molded part should not be locateg 
near corners or edges, since this 
necessitates a comparatively weak 
section of steel in the mold 
Fig 2). 

Holes—Wherever possible holes 
should be at right angles to the 
surface of the part (see Fig 3). 
Oblique holes add considerably to 
cost. In some cases, they may be 
more economically drilled after 
molding. Also, holes should be 
round where possible, since irreg- 
ular shaped holes are difficult and 
costly to reproduce in the tooling. 

Long, cored holes, especially at 
the side of the piece, should be 
avoided. Where essential, ample 
support should be provided for the 
pin which forms the hole (see 
Fig 4). 
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Phenolics Melamines 








Ureas— 
Alpha 
Cellulose 


Moderate 
impact— 
Cotton 
Flock 


General 
Purpose— 
Wood 
Flour 


General 
Purpose— 
Alpha 
Cellulose 


Heat 
Resistant— 
Mineral 


High 
Impact— 
Fabric 


Heat 
Resistant— 
Mineral | 


Impact— 


Type and Filler » Fabric 
































PROPERTIES 





Heat Distortion Point (D648), F... 
Tensile Strength (D651), psi 
Impact Strength (D256), 

ft-Ib/in. notch 
Flexural Strength (D650), psi 
Dielectric Strength (D149, 

short time), v/mil 
Specific Gravity (D792) 
Moisture Absorption (D570), %. . 
Flammability 


.| 260-340 
16500-8500 


260-340 
6500-8500 


230-320 
5000-7000 


270-280 
6000-13,000 


285-335 
7000-8000 


295-360 


285-335 
4800-6800 | 


6800-7800 


0.24-0.60  /0.24-0.60 
9000-11,000 |8200-11,000 


0.30-0.38  (0.25-0.35  (0.24-0.28  —(0.50-0.90 —_(0.20-0.30 | 
8000-12,000 |10,000-16,000}14,000-16,000/11,000-15,000/7500-11,000 | 
200-245 | 
1.32-1.45 
. .J0.3-1.0 
Slight 


200-245 
1.32-1.45 
0.3-1.0 
Slight 


300-460 
1.75-1.92 
0.01-0.10 
None 


300-400 
1.47-1.52 
0.4-0.8 
Self-extin- 
guishing 


350-400 
1.70-2.00 
0.08-0.14 
Self-extin- | 
guishing wl : 


300-400 
1,47-1.52 
0.1-0.6 
Self-extin- 
guishing 


250-350 
1.42-1.50 
0.3-0.6 
Self-extin- 
guishing 
































RATINGS 





Moldability* 
Compression 5 5 4 
Special 2 (limited) 

conditions 

Color Range* 5 

Color Fastness* 4 

Surface Appearance* 5 

Surface Hardness* 4 


aRatings are given as follows: 5—ex ; 
bNew polyester molding material developed 



































very good; $3—suitable; 2—below average; 1—undesirable. 
rez Div., Hooker Electrochemical Co. 
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ules regarding ratio of depth 
+. diameter cannot be laid down 
definitely, since the actual ratio 
yossible on a particular hole de- 
pends on the design of the part 
the capabilities of the molder. 
As a general rule, however, when 
designing through-holes the ratio 
of length to diameter should be 
no more than four if the part is 
to be compression molded; no 
more than eight if the part is to 
he transfer molded. When design- 
ing blind holes, ratio of length to 
diameter should be no more than 
two for compression molding; no 
more than four for transfer mold- 
ing. 

Tolerances—In_ specifying di- 
mensional tolerances it is an ax- 
iom that the closer the tolerances, 
the higher the cost of the part. 
Tolerances should never be speci- 
fied closer than is absolutely neces- 
sary. 

In general, commercial toler- 
ances on compression and transfer 
molded plastics parts average ap- 


MOLDED PLASTICS 











| Polyester 
Premix— | Polyester— |  Alkyd— 
Mineral or Mineral or Mineral or 
Glass Glass Glass 
Fiber Fiber Fiber 
| 375-425 300-350 | 260-325 
| 4000-10,000 | 6000-8000 | 4500-6000 
3-24 0.30-0.38 \0.45-1.10 


8000-10,000 {10,000-12,000 [7000-8500 
| 350-380 





390-400 300-400 
1,80-1.85 1.60-1.72 |1.5-1.7 
0.15-0.25 0.4-0.8 0.08-0.11 


Slight to self- |Slight to self- \Slight to self- 
extinguishing |extinguishing extinguishing 

















4 4 4 
| l 3 3 
9 5 5 
s) 5 5 
4 4 4 
4 4 4 










proximately +0.005 in. per in. 
Closer tolerances can be _ held. 
These are a function of part de- 
sign, tool design and material 
selected. In almost all cases toler- 
ances closer than +0.005 in. per 
in. will add cost to the part. 

Recommended standard com- 
mercial tolerances for moldings 
have been developed by the Soci- 
ety of the Plastics Industry, Inc., 
and published in the Plastics En- 
gineering Handbook (Reinhold 
Publishing Corp., 1954). Stand- 
ards published include those for 
the following thermosetting mold- 
ing materials: 

1. Phenolics: unfilled, and filled 
with woodfiour, cotton flock, cot- 
ton rag, cotton tire cord, macer- 
ated paper, short fiber asbestos, 
long fiber asbestos, asbestos wood- 
flour, and mica. 


2. Ureas: alpha cellulose filled 
and electrical grade. 

3. Melamines: cellulose filled, 
asbestos filled, and cotton rag 
filled. 

4. Alkyds: mineral filled. 

Inserts—Use of inserts molded 
into the part during the produc- 
tion operation can in many cases 
eliminate some expensive post 
molding operations. Here are sev- 
eral design hints which should be 
borne in mind when specifying 
inserts: 

1. Always specify metal inserts 
for small, threaded holes (No. 6 
or smaller) when the threads will 
be subjected to mechanical stress 
or wear. 

2. Avoid long, slender inserts. 
Molding pressures can _ deflect 
them out of position. Delicate in- 
serts are more adaptable to trans- 
fer molding than to compression 
molding. Also bear in mind that 
very small inserts may cause han- 
dling problems in molding, thus 
raising costs. 

3. Brass inserts are generally 
preferable to steel because the 
thermal coefficient of expansion of 
brass more closely approaches that 
of most plastics. 

4. Try to locate plenty of plas- 
tics material around the insert in 
order to hold it securely and to 
reduce possibility of subsequent 
failure in service. 





Design suggestions 





Fig 1—Parting line should be in one 
plane if possible. 





Fig 2—Lugs should not be located 
near corners or edges. 





Fig 3—Holes should be at 90-deg 
angle to parting line plane. 





Fig 4—Ample support should be 
provided for pins forming long cored 
holes. 





5. Threaded male inserts which 
project from the plastics should 
be designed so that a _ slight 
shoulder of unthreaded metal ex- 
tends beyond the plastics, prevent- 
ing plastics material from flowing 
into the thread. 

6. Specify straight or diamond- 
knurled inserts for maximum 
gripping strength. 
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Titanium 
Plating— 


Where It Stands 
Today 


Titanium plates that pro- 
vide high corrosion resist- 
ance appear to be destined 
for commercial applica- 
tions. Here-is a brief run- 
down of the properties of 
these desirable coatings and 
a summary of promising 
plating processes. 


by M. E. Sibert 
and M. A. Steinberg, 
Horizons, Inc, 


@ The excellent corrosion resist- 
ance of titanium has been demon- 
strated in many specialized appli- 
cations. However, because of its 
comparatively high price, titanium 
still cannot be used in many 
commonplace engineering applica- 
tions. An ideal method of lowering 
costs appears to be the use of 
titanium coatings, and much re- 
search has been devoted to finding 
a low cost plating method. To 
date, titanium plating has not 
reached the production stage; 
however, on the basis of recent 
promising research, commercial 
use of the coatings appears to be 
imminent. The purpose of this 
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Comparison of single and multiple layer titanium coatings produced by 
electrodécomposition plating. Photo left (500 X) shows distinct diffusion band 
between steel and plate. Photo right (250 X) shows demarcation of layers, 


article is to briefly summarize the 
major advantages and engineering 
properties of titanium coatings 
and to outline significant plating 
processes. 

Corrosion resistance 

A titanium coating over a basis 
metal provides that basis metal 
with the excellent corrosion resist- 
ance of pure titanium. Titanium 
coatings are smooth, essentially 
nonporous and inert to a con- 
siderable number of mineral acids, 
alkalis and salt solutions. For this 
reason they are ideally suited for 
use in chemical processing equip- 
ment. Because of their poor seiz- 
ing and galling characteristics, 
they are not suited for use on 
sliding surfaces where friction is 
present. 

With the exception of aluminum 
chloride, unstressed titanium ap- 
pears to be completely resistant to 
salts (for further information on 
the corrosion resistance of titani- 
um see “Titanium,” MATERIALS IN 
DESIGN ENGINEERING, Oct ’57, p 
149). Titanium has shown excep- 
tional resistance to sea water and 
has not been pitted by stagnation 
in crevices, under moist crystals 
and under fouling growths. Simi- 
larly, titanium plated ingot iron 
has shown no signs of corrosion 
after exposure to a 20% sodium 
chloride solution for three months 
at room temperature. 

Excellent results have also been 
obtained with titanium plated 
ingot iron that has been exposed 


ENGINEERING 


Formerly Materials & Methods 


to acid media. Specimens tested 
for three months at room temper- 
ature have shown only traces of 
corrosion after immersion in 20% 
and concentrated nitric acid, 20% 
and concentrated hydrochloric 
acid, and concentrated sulfuric 
acid. In some cases these results 
differ from, and are somewhat 
better than, results obtained with 
solid titanium. For example, sul- 
furic acid and concentrations of 
hydrochloric acid above 4% attack 
unalloyed solid titanium quite 
rapidly. 

Other properties 

To date, the mechanical and 
physical properties of titanium 
coatings have not been studied 
extensively. Some measurements, 
however, have been made on coat- 
ings produced by electrodecompo- 
sition plating. 

Thickness —In_ general, the 
thickness that can be obtained in 
one electrolysis cycle is limited to 
about 1.6 mils. Thickness can be 
built up by repeated cycling, and 
coatings 8 mils thick have been 
reported. 

Hardness—Individual hardness 
measurements have been made 
after each one of five successive 
electrolysis cycles during elec- 
trodecomposition plating. Hard- 
nesses (VPN, 25-gm load) of the 
first to last plates were 119, 167, 


840, 383 and 352, respectively. 


Adhesion—Bar specimens have 
been bent 60 deg with no evidence 
of spalling or flaking of *he coat- 
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ing. Also, specimens could be 
rolied to about 30-40% reduction 
witnout fracturing the coatings. 
Plating methods 

eoretically, several methods 
are available for depositing a ti- 
tanium coating. They include: 1) 
aqueous electroplating, 2) non- 
aqueous electroplating in a low 
temperature electrolyte, 3) fused 
salt electrodecomposition plating, 
and 4) fused salt soluble anode 
electroplating. 

Because of the presence of 
oxygen-bearing solvents, the first 
two methods are incapable of pro- 
ducing satisfactory titanium coat- 
ings. Titanium ions have an af- 
finity for oxygen and tend to 
form very strong titanium-oxygen 
bonds. Consequently, attempts to 
plate titanium from aqueous or 
other oxygen-bearing media in- 
variably produce deposits of a 
titanium oxide or hydrated oxide 
rather than pure titanium. 
Electrodecomposition plating 

The most promising titanium 
coatings so far have been obtained 
by fused salt electrodecomposition 
plating and by fused salt soluble 
anode electroplating. Inert anodes 
such as graphite or platinum are 
used in electrodecomposition plat- 
ing and, as its name implies, the 
process deposits titanium by de- 
composition of an electrolytic com- 
pound. Briefly, the steps in the 
process can be summarized as fol- 
lows: 

1. Ionization of titanium salts 
in a suitable melt. 

2. Migration of titanium ions 
under influence of d.c. current. 

3. Simultaneous deposition of 
cation at cathode and anion at 
anode. 

4. Formation of gas at anode 
and titanium plate at cathode. 

During electrodecomposition 
plating the electrolyte must be re- 
plenished to maintain a fairly con- 
stant concentration. 

Many of the early unsuccessful 
attempts at electrodecomposition 
plating resulted from the failure 
of investigators to realize the 
importance of using oxygen-free 
materials and inert atmospheres. 
Recently, however, satisfactory ti- 
tanium coatings have been pro- 







duced at the U.S. Bureau of Stand- 
ards using a titanium trichloride- 
sodium chloride-potassium chlor- 
ide melt, and by Horizons, Inc. 
using fluoride decomposition proc- 
esses. 

In general, the principles in- 
volved in the Horizons process are 
applicable to all successful electro- 
decomposition plating processes. 
This process is essentially an elec- 
trolysis of a potassium-titanium 
fluoride and sodium chloride salt 
melt which deposits titanium on 
a cathode. Lithium and potassium 
chloride salts can also be used 
instead of sodium chloride. How- 
ever, sodium chloride has usually 
been selected since it is readily 
available in pure anhydrous form 
and behaves well electrolytically. 

For most work a 15-17% con- 
centration of potassium-titanium 
fluoride in sodium chloride has 
been used as the melt (fluoride 
concentrations of 5-25% have also 
been used successfully). This com- 
bination melts at about 1330 F 
and has good fluidity at the usual 
electrolysis temperature range of 
1560-1740 F. 

Most of the actual plating oc- 
curs during the early part of the 
electrolysis cycle. Plating stops 
after a certain point and con- 


tinued electrolysis produces a 
crystalline deposit around the 
cathode. This deposit can be 


washed off, however, and the cycle 
can be repeated to obtain a thicker 
plate. 

Ingot iron and cold rolled steel 
cathodes in the form of bars, 
cylinders and truncated cones 
have been successfully plated. In 
a typical multiple electrolysis, a 
0.246-in. bar was plated at 5.7 v 
and 95 amp per sq dm at 1670 F 
using a 16% potassium-titanium 
fiuoride and sodium chloride melt. 
After five successive plating and 
washing cycles, total plate thick- 
ness on each side of the bar was 
8 mils, or 1.6 mils per cycle. 

Temperature has a marked ef- 
fect on the process. Titanium 
coatings with poor continuity and 
bad peeling characteristics are 
produced below 1470 F. However, 
electrolysis conducted between 
1470 and 1650 F always produces 





a diffusion bond between the ti- 
tanium and the basis metal. This 
diffusion bond is largely respon- 
sible for the good adhesion that is 
obtained. 

Electroplating 

Despite the fact that little data 
has been published on the electro- 
plating of titanium, it appears 
that this method of deposition is 
equally as promising as electro- 

decomposition plating. Electroplat- 
ing processes using soluble anodes 
may employ melts that are similar 
to those used in electrodecomposi- 
tion plating, but the ultimate 
source of titanium is the anode 
itself. Briefly, the steps employed 
in electroplating consist of: 

1. Ionization of titanium salts 
in a suitable melt. 

2. Simultaneous formation of 
titanium solution from anode and 
deposition of titanium from melt 
en cathode such that constant 
titanium concentration is main- 
tained in the melt. 

Only the anode has to be re- 
placed in the electroplating proc- 
ess, and process control is simpler 
than that required for the electro- 
decomposition plating process. 

The U.S. Bureau of Mines has 
conducted extensive research on 
soluble anode processes, the most 
promising results being obtained 
with titanium trichloride melts. 
Successful plates have also been 
reported with magnesium chloride 
melts. Reduced halide melts have 
been used to plate titanium on 
steel, nickel, copper and other 
metals. In general, the best plates 
are obtained with melts contain- 
ing reduced titanium mixtures 
such as titanium dichloride-titani- 
um trichloride. 

Many of the processing vari- 
ables that apply to electrodecom- 
position plating also apply to solu- 
ble anode plating. Current density 
is quite important in soluble anode 
plating and must be controlled for 
both anode and cathode. Current 
density must be substantially less 
at the anode than at the cathode, 
and for this reason the surface 
area of the anode must be appre- 
ciably greater than the area of 
the cathode (i.e., the part to be 
plated). 
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All photos courtesy Armstrong Cork Co. 


Resilient cork compounds are used 
on these clutch parts. Top—Automatic 
transmission clutch plate for automobile. 
Right—Cone clutch for drill or tapper. 
Bottom—Direct drive clutch plate for 
truck. 


Selecting 
Friction Materials 


> Resilient and metallic 
materials 


> Property comparison data 


by Elwin J. Salter, 
Supervisor, Friction Materials Laboratory, Inland 
Manufacturing Div., General Motors Corp. 
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@ This is the second of two arti- 
cles intended to aid the engineer 
in selecting friction materials for 
automotive, industrial and a'r- 
craft applications. As _ pointed 
out last month (see MATERIALS IN 
DESIGN ENGINEERING, Oct ’57, p 
130), a wide variety of friction 
materials have been made avail- 
able to meet specific end applica- 
tions and environments. Selection 
factors and three of the basic types 
of friction materials—woven, rub- 
berized and molded—have already 
been discussed. This article covers 
the selection of resilient and 
metallic materials and presents 4 
side-by-side comparison of the 





significant engineering properties 
of all friction materials. 


Resilient materials 

Resilient materials composed of 
asbestos, cellulose, or cork com- 
pounds plus a bonding agent, are 
mainly used in oil media. The ma- 
terials are somewhat porous and 
produce smooth, quiet operation 
because of their compressibility 
and damping action under pres- 
sure, They also have the advan- 
tage of low cost. Coefficient of fric- 
tion ranges from 0.075 to 0.130. 

Because of their low tensile 
strength, however, resilient ma- 
terials have a high wear rate. 
Wear is also affected by the tend- 


Marshall-Eclipse Div., Bendix Aviation Corp. 


ency of these materials to take a 
permanent set and lose their re- 
siliency. Frictional stability is also 
poor. A further disadvantage of 
these materials is their limitation 
to operation below 400 F, because 
of the tendency of cork and cellu- 
lose to char at this temperature. 

Woven friction materials de- 
scribed in the previous article are 
also quite resilient when operated 
in oil. The asbestos-cotton yarn 
provides a smooth spongy action 
during engagement. These materi- 
als have an advantage over other 
resilients in, that they can be 
operated at higher temperatures, 
since they contain asbestos and a 


Metallic. Above—Semime- 
tallic (left) and full metallic (right) 
clutch facings are both used on army 
tanks. Left—Cerametallic buttons 
are available in wide variety of sizes 
for aircraft disk brakes and heavy 
duty clutches. 


heat resistant binder. Also, when 
wire strands are added to the 
weave the materials can withstand 
higher unit pressures than cork 
and cellulose and will not take a 
permanent set. Coefficient of fric- 
tion is about the same as that of 
other resilients—0.075 to 0.130. 
Metallic materials 

Semimetallic friction materials 
consist primarily of metal pow- 
ders (40% min) plus a synthetic 
resin bonding agent, short asbes- 
tos fibers, graphite and friction 
modifiers. Copper powders are 
chiefly used because of their good 
frictional properties; however, 
lead powders are sometimes used 
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because of their good lubrication 
properties at high temperatures. 

The semimetallics possess a 
number of significant advantages 
including: 1) good frictional sta- 
bility under severe operating con- 
ditions, 2) smooth engagement 
characteristics when lubricated 
because of the copper film that 
forms on the friction surface, and 
3) ability to be easily molded in 
bands, plates, cores and intricate 
shapes. 

These materials are more dura- 
ble than resilient materials, but 
less durable than full metallic 
materials under severe service 
conditions. The semimetallics cost 
more than resilient materials and 
have a low coefficient of friction 
(0.065-0.100) which tends to be- 
come even lower during service. 
They are mainly used in aircraft 
applications and in automatic 
transmissions. 

Recent applications have utilized 
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semimetallic materials in dry disk 
and modified conventional brakes. 
Preliminary results with these 
applications indicate that the ma- 
terials have fair engagement char- 
acteristics in a medium friction 
range. They have also exhibited 
fair to excellent durability, but 
noise and cost present major 
problems. 

Full metallic friction materials 
consist of a sintered metal matrix 
interspersed with metallic and 
nonmetallic friction modifiers. The 
matrix usually consists of a 
copper-tin bronze, but may also 
consist of iron, or iron bronze, for 
lower cost. Since the material has 
a weak structure it is always 
bonded to a steel core or backing 
plate. 

Full metallic friction materials 
have the lowest coefficient of fric- 
tion (0.055-0.090) of the materials 
that can be used in oil media 
(they can also be used in dry 
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environments). However, these 
materials have good frictional sta- 
bility and exhibit little friction 
drop-off during their life. Because 
of their metallic content they also 
have a high rate of heat dissipa- 
tion. 

Full metallics are particularly 
suited for applications requiring 
a high kinetic energy absorption 
per square inch and where severe 
use is accompanied by rapid cy- 
cling. Under these conditions the 
materials have a much lower wear 
rate than semimeiallic materials. 
This advantage is attributable to 
a high rate of heat dissipation 
and the absence of any insulating 
material such as asbestos or 4 
bonding agent. 

Disadvantages of the full me- 
tallics are: high cost, weak struc- 
ture, occasional noisy operation, 
low coefficient of friction, high 
specific gravity, and bimetallic 
warpage when the material is ap- 
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Molded — continued | Metallic 
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plied to the steel backing plate. 
Also, engagement characteristics 
are not as good as those of the 
semimetallics. 

Like the semimetallics, full me- 
tallic materials have recently been 
used for dry disk and modified 
conventional brakes. They have 
shown excellent durability at high 
temperatures and good engage- 
ment characteristics. 

Cerametallic friction materials 
are composed of ceramic particles 
ina metallic matrix. The materials 
are capable of operating at 2000 F 
(dry) and were primarily devel- 
oped for high temperature air- 
craft applications. The materials 
are also used on large tractor 
clutches and hold promise for use 
on brakes for large commercial 
vehicles. 

To overcome their inherent 
weakness and brittleness, the ce- 
ramics are placed in a metallic 
matrix which serves a_ twofold 
purpose by 1) supporting the ce- 
ramics, and 2) conducting heat 
away from the surface. Additional 
support is provided by placing the 
ceramic-metal matrix in a metal 
holder or receptacle. 

The excellent heat absorptivity 
of cerametallics is due to com- 
Pounding ingredients that have 
higher density, higher specific 
heat and higher thermal conduc- 
tivity than those used in more 
conventional linings. Because of 
their high heat capacity, these 


materials have better resistance 
to fading than any other friction 
materials. Since the cerametallics 
must be heat treated during man- 
ufacture at temperatures above 
the soaking temperatures encoun- 
tered during use, they are also 





capable of withstanding higher 
temperatures than full metallic 
linings. 

Some of the earlier disadvan- 
tages of cerametallics have been 
eliminated through improved com- 
pounding. Glaze formation, for 
example, can now be controlled so 
that the materials have a high co- 
efficient of friction that is con- 
stant over a wide temperature 
range. However, some glaze can 
be beneficial, since glaze forma- 
tions and hard ceramic particles 
contribute to the substantial wear 
resistance of the cerametallics at 
high temperatures. 

Some of the principal objections 
to the cerametallics are their 
noise, poor engagement character- 
istics and high cost. Because of 
the material’s rigidity, any sur- 
face irregularities tend to promote 
poor engagement; this is espe- 
cially evident at high tempera- 
tures. High cost is due to special 
compounding ingredients and the 
method of manufacture. 


AVAILABLE SHAPES AND SIZES OF NONMETALLIC FRICTION MATERIALS 





| 











Maximum Size 
Type ead aoe 
- Shape Width, Thickness, | Diameter, 
| in. in. in. 
Woven Annular ring, flexible roll =| 12 ly, Any 
Rubberized 
Folded and Compressed | Annular ring, flexible roll 8 LY Any 
Coated Yarn Annular ring _ VY 18 
Molded 
Dry Mix Rigid segment | 20 LY Any 
Extruded Semiflexible roll, rigid segment 5 Y, Any 
Wire Back Semiflexible roll, rigid segment 5 Vy Any 
Sheeter Annular ring, flexible roll 50 | %%e Any 











COMPARISON OF FRICTION MATERIALS FOR AUTOMOTIVE TRANSMISSIONSs 
































Maximum 
Type Coefficient Operating Principal Applications 
+ of Friction Temperature, F | 
Woven High 400 | Transmission plates 
Molded Medium 450 | Transmission bands 
‘ <a Fae eed 

Resilient High | 550 | Transmission bands, plates and cones 
Semimetallic Medium 450 | Transmission bands and plates 
Metallic Low 700 | Transmission plates 





aFor use in oil media. 
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BACKING MATERIAL— Use of die-cut FURNITURE MANUFACTUR E—Cros:. 
sheets as a backing material for bicycle seats permits creped kraft is used to replace burlap as covers for 1 


vinyl-coated fabric to be sewn to backing, providing low edge roll bindings used in furniture manufacture. 
cost, attractive seat. 
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INSULATION COVER-— When cross-creped POSTFORMABLE LAMINATES-—7ie 


kraft is used as a cover for insulation batts, batts can be compound curves in these postformed, high pressure plas- 
reused, tecs laminates are made possible by use of cross-creped 
leraft as the reinforcement. 


These are some of the industrial uses of... 


Cross-Creped Kraft 
—A New Kind of Paper 


by V. R. Piper, Technical Director, Cincinnati Industries, | 
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such as these knotty pine and texture finishes can be 


easily applied. 


@ Take kraft paper, crepe it in 
one direction, then cross-crepe it 
in the opposite direction and you 
have a stretchable paper-base ma- 
terial called X-Crepe. When 
stretched, cross-creped kraft paper 
retains the elongation and does 
not return to its original dimen- 
sions. The cross-creping also pro- 
vides a soft texture, and increased 
edge tear strength and sewing 
strength. 

Cross-creped kraft can be slit, 
die-cut in any shape, or fed from 
rolls to high speed machinery. 
Since it is not a woven material it 
will not ravel. It is pliable and 
can be formed to simple or com- 
pound curves by conventional 
methods including vacuum or air 
pressure forming. It can also be 
drawn or molded. It can be glued 
with conventional industrial ad- 
hesives, or heat sealable types can 
be specified. 

Cross-creped kraft is available 
in several weights, based on the 
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DECORATIVE SHEET— Printed designs IMITATION CHAMOIS — Treated with ap- 
propriate resins, cross-creped kraft can be used like 
chamois and will withstand many soakings in water. 
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Most creping processes consist 
basically of bonding paper to a 
smooth surface and “doctoring”’ 
or scraping it off with a knife. 
The physical action of the knife 
working against the adhesive 
bond between paper and surface 
causes the formation of small 
pleats or folds in the paper. In 
general, the stronger the bond 
between paper and surface, the 
finer will be the pleats or folds. 

Cross-creped kraft, or X-Crepe, 
is produced by a patented proc- 
ess in which kraft paper is 
bonded to a large cylinder that 
rotates against a knife mounted 
against the cylinder at an angle 
of 45 deg to the direction of 





How the Paper Is Made 


rotation. The knife peels the 
paper from the cylinder, form- 
ing very fine pleats in one di- 
agonal and imparting stretch in 
that diagonal direction as well 
as in both the machine and 
cross-machine directions. 

The material is then adhered 
to a second cylinder which is 
equipped with a knife mounted 
at a 45-deg angle opposite to 
that of the first knife. Rotation 
of the cylinder results in similar 
pleats being formed on the 
opposite diagonal, and imparts 
stretch on the second diagonal 
as well as additional stretch in 
the machine and cross-machine 
directions, 











weight of the kraft paper. Base 
weight of the kraft paper varies 
from 40 to 90 lb. Elongation on 
stretching can be made to vary 


between 15 and 60% longitudi- 
nally, and 15 and 45% laterally. 

The two basic types of cross- 
creped kraft are type A, lami- 
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COMPARISON OF PROPERTIES—X-CREPE vs 
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Tensile Strength, Ib | 


Elmendorf Tear 
Strength, 
gm 


| Basis Wt, 
| Caliper | 1b/3000 
| sqft | 


Approx 
Cost, 
¢/sqyd | 


Stretch, % 


Dry Wet 





D 645 D 646 
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D 689 
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ASTM D 828 


D 987 
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X-Crepe 


CI a es 
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Grade 4506-8.10 (2)........ 

Grade 4506-31 

Grade 4506-H-LX-5 (2)... ... 

Grade 4506 (cushioned style 
WN ahs idx ios sear 

Grade 4512... .. 

Grade 5032 

Grade 5037 

IRE Mee 


Others 


6.0-8.5 

7.5-10.0 
17.0-20.0 
14.5-17.5 
18.5-22.0 


8.0-10.5 
9.5-13.0 
13.5-18.0 
14.5-19.0 
37.5-48.5 




















145 
0.023 | 187 62 
0.012 | 8 3 
0.009 37 6 
0.018 | 154 56 
0.018 | 117 43 
0.005 31 4 
0.011 82 40 


8.5-10.0 
11.0-12.5 
20.0-25.0 
10.0-15.0 
50.0-60.0 
30.0-35.0 
10.0-20.0 
25.0-35.0 


Burlap (7% 02)............ 
Burlap (10 0z)............ 
Chamois (nonwoven) 

Cloth (nonwoven). .......... 
ES 
Osnaburg-Grey Goods........ 
Sheeting (light) 

Sheeting (medium) 

Rubber Saturated Paper 
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143 14 
31.0-34.0 0.040 285 15 
39.5-42.5 0.050 346 19 


aSpeeds of tests are: Dynamic—32.2 ft/sec/sec (gravity); Scott—12 in./min. 
bCMD=cross-machine direction; MD=machine direction. 
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known distance (in.) so as to strike the test piece 
with an impact blow across the center. The test value 


Work and Tear Tests 


In the accompanying table the ASTM and TAPPI 
test methods used to obtain the data are indicated. 
However, three of the tests may be unfamiliar to the 
designer or engineer: 


Scott work test 

Values are calculated work figures determined by 
the area described by a stress-strain curve as recorded 
on a Scott tensile and stretch machine. In this table, 
the area, converted to in.-lb of work, is divided by 
the area of the test piece; resulting values are ex- 
pressed as in.-lb per sq in. 


Dynamic work test 

Test piece of 2 x 12 in. is held between clamps so 
as to present a test area of 2 x 10 in. in the horizontal 
plane. A known weight (lb) is dropped through a 


for any piece is determined as the greatest number 
of in.-lb the test piece will withstand without break- 
ing in any one drop, divided by the area of the test 
piece. The result is expressed as in.-lb per sq in. 


Trapezoidal tear test 

A rectangular piece of material is marked, from 
edge to edge, with two nonparallel lines. Distance 
between the two lines is 1 in. at one edge and 4 in. at 
the opposite edge. The sample is then clamped in a 
Scott tensile machine (jaws set at 1 in.) so that the 
two lines are parallel (i.e., material closest to edge 
where lines are 4 in. apart is slack and billows out, 
while area at edge where lines are 1 in. apart is in 
vertical plane with jaws). Tension is applied to begin 
tear at 1-in. side, and tearing force, or trapezoidal 
tear strength, is measured in pounds. 


or lamination. Color can also be 





nated with asphalt, and type N, 
which has no asphalt. With these 
two basic types as a starting 
point, over 200 specialized types 
of cross-creped kraft have been 
made. Each type is designed for 


a specific kind of service, and has 
physical, chemical or thermal 
properties that have been modified 
or enhanced. These modifications 
are obtained by treatments such 
as surface coating, impregnation 
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added. 
Physical properties 

The accompanying table com- 
pares characteristics of 10 types 
of cross-creped kraft and 11 other 
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COMPETITIVE MATERIALS 
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Work, in.-Ib/sq in.* Porosity 
a | (Gurley), — 
ady), sec /400 
asi Dynamic Scott pos fa Strength, Ib 
D774 (see box) (see box) D 726 (see text below) 
403 _| _— T460 a 
| CMD | MD CMD MD wn CMD MD 
q | | 
55 | ie ee 1.8 3 a oe 
J eee es ee * ae ee * eee 3 ie 
114 a) t)° 3 6.8 120 4 | 23 
110 a) eb ee 4.7 6 boty 
93 | 25 | 6.0 2.8 7.2 16 27 15 
6 | 09 09 | 10 | 18 2 oS oe 
S$ | 2 a i 2 2.8 6 ae ec, 
122 ‘a4 | ae] a |) “i ae 
140 | 57 | 8.3 5.4 9.6 80 14 17 
20 | 5 | 75 | 130 | 2 | 95 | 6 | 
| | | | : 
"ot Ge a ee ee 2 | oo | a 9 
210 Bs Se 18 | 28 a 29 14 
81 | Vie” 09 | 15 | 0 2 0 
4 | -0.1 0.2 -0.1 02 | 0 0 0 
180 19 | 65 . 2 oe 0 34 7 
m Of) Boh me 24 | 21 | 0 10 10 
| 55 | 0.1 0.4 O01 |. 44 0 0 0 
| 140 | 07 1.4 11 | 14 | 0 3 0 
| 102 2.5 1.5 3.1 | 3.3 | 5 7 5 
| 110 4.0 3.0 4.8 5.6 4 12 12 
| 150 6.0 3.5 10.7 7.3 5 19 27 

















competitive materials, similar in 
nature and type of end-use. Cali- 
per is determined by number of 
plies of material, thickness of 
laminating coat, and base weight 
of kraft paper. Caliper may range 
from 0.009 to 0.095 or greater. 
The final product can be made 
with rigidity ranging from ex- 
treme flexibility to board stiffness. 

Tensile strength, though always 
good when the paper is dry, can 
vary widely when the paper is 
wet. Comparisons in the table are 
made in machine direction (MD) 
and cross-machine direction 
(CMD). Single ply, N type mate- 
rials have very little wet tensile 
Strength unless given special 


treatments. Dry strength ranges 
from 6 Ib CMD and 9 lb MD to 
(0 lb CMD and 95 Ib MD. In com- 


parison, strength of drill cloth can 
exceed 95 lb MD but does not ex- 
ceed 70 lb CMD. Other cloth mate- 
rials tested do not reach into this 
strength range. 

Elongation on stretching re- 
mains high even when certain 
saturants, laminations or surface 
treatments are applied. As shown 
in the accompanying table, 50-pt 
rubber-saturated paper stretches 
more CMD than MD. Cross-creped 
kraft maintains a balanced stretch 
which can be controlled as desired, 
i.e., elongation on stretching may 
be the same in both CMD and 
MD, or stretchability in one direc- 
tion may be made to exceed that 
in the other direction. The actual 
balance in stretchability should be 
determined by specific design re- 
quirements. 







Edge tear strength ranges from 
270 gm CMD and 220 gm MD to 
as high as 2000 gm CMD and 
1900 gm MD. Of the cloth mate- 
rials tested, only drill cloth ap- 
proaches the higher values. 

Bursting strength, measured on 
the Cady standard, ranges from 
55 to 260 psi, indicating the 
amount of bursting load that can 
be withstood by the material 
either during fabrication or in 
end service. 

Porosity of cross-creped kraft 
can be either high or low, depend- 
ing on design requirements. With 
the Gurley test as a basis, mate- 
rials can be specified that require 
only 3 sec or as long as 10 min, 
for 400 cu cm of air to pass 
through. 


Other properties 

Service temperature—Although 
the normal service temperature 
range of cross-creped kraft paper 
does not extend beyond about 
300 F, the material is usable at 
temperatures as high as 400 F. 
Above 400 F scorching may occur. 
Also, as moisture is driven from 
the material at elevated tempera- 
tures some embrittlement may 
occur. No data are available on 
the effect of cold on the material, 
although it has been successfully 
used in packaging for all types of 
climatic conditions. 

Chemical properties — Cross- 
creped kraft is obtainable with a 
range of chemical characteristics. 
Materials are available with neu- 
tral pH characteristics, or they 
can be made acidic, or resistant to 
greases, oils or flame. Some types 
can be made to absorb certain 
types of chemicals. In general, the 
materials have excellent aging 
properties. 

Treatments 

Cross-creped kraft is available 
with three basic types of treat- 
ments: 1) treatments which 
change surface characteristics, 2) 
impregnations which change the 
characteristics of the entire sheet, 
and 3) laminations which can 
change the over-all structure of 
the material. In addition to the 
specific design characteristics for 
which the treatment is applied, 
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the “hand” or feel of the material 
is often changed. The treated ma- 
terial may be soft and pliable or 
extremely rigid. 

Surface treatments — Surface 
treatments that can be applied 
include embossing and coating. In 
embossing, the material is dimpled 
to achieve a cushioning effect. 
Nonskid cross-creped kraft is pro- 
duced by applying a rubber latex 
on the tip of each dimple. In 
coating, solid colors as well as 
decorative patterns can be printed 
on the material. Color can be 
added at the paper mill or during 
the creping operation. Combina- 
tion effects can be obtained by 
embossing after printing. 

Impregnations — Impregnations 
can provide a variety of end phys- 
ical properties. Impregnants that 
can be used include natural or 
synthetic resins, petroleum prod- 
ucts and other chemicals with al- 
kali or acid bases. Wet strength 
is improved by impregnating with 
resins that allow the material to 
shed water, or be soaked in water 
without disintegrating. Impregna- 
tions can also provide resistance to 
fungi or flame. Scents or oils can 
be added if desired. 

Laminations—Materials to 
which cross-creped kraft has been 
laminated successfully include 
films or sheets of polyethylene, 
polyethylene terephthalate (My- 
lar), polystyrene and vinyl. These 
can be used to provide sandwich 
materials of various constructions, 
e.g., a layer of film, a layer of 
cross-creped kraft, another layer 
of film and another of cross-creped 
kraft. End design requirements 
determine the specific construction 
and material used. 

Other combinations are obtain- 
able by laminating several types 
of cross-creped kraft. For exam- 
ple, a resin-impregnated type can 
be laminated to one without resin, 
or a film-laminated type can be 
laminated to a resin-impregnated 
type. Bulk can be added as de- 
sired by laminating several plies 
of material. 

Applications 

Though the new paper material 

has definite limitations, its poten- 
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tial applications have not been 
fully explored. The following 
types of applications are typical 
of those satisfactorily developed 
to date: 

Backing material—Used as a 
backing material, cross-creped 
kraft permits the production of 
custom stitched bicycle seats for 
about the same price as that of 
unstitched seats. The seats consist 
of a vinyl coated fabric, padding 
and a metal core. In manufactur- 
ing the seat, die-cut sheets of 
cross-creped kraft, vinyl coated 
fabric and padding are all laid 
into a forming press with the pre- 
formed metal core. The materials 
are then stamped into a saddle 
“sandwich.” The combination is 
then stitched and trimmed in one 
operation, and a final stitching 
puts an attractive binding around 
the edge. 

A specially developed grade of 
the paper-base material is now 
used for trim backing on automo- 
tive quarter panels. The forma- 
bility of the material permits it 
to be drawn tightly around com- 
plex curves before it is glued to 
the body. Felt riser pads are glued 
to the material and the upholstery 
sewn between the strips. Where 
heat sealing can be used instead 
of sewing, another special grade 
of the material is used. 

Furniture manufacture—In fur- 
niture manufacturing, the materi- 
al is used for covering fabricated 
parts. It is replacing burlap b2- 
cause of burlap’s unstable cost and 
supply situation. Although cross- 
creped kraft meets standards of 
strength and flexibility, the ma- 
chines designed for burlap have 
to be redesigned for handling the 
paper-base material. Use of the 
material has resulted in faster 
production and long range sav- 
ings. The parts can be bent neatly 
to form square corners without 
mitering. They can be smoothly 
formed for curved chairs, modern 
sectionals and other types of fur- 
niture. Wire hog rings are at- 
tached through the cross-creped 
kraft. 

Ducting—The material is used 
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to replace rubber coated cl 
flexible automotive heating , 
It is treated with wax to 
water and keep permeation bh 
air to a minimum. The mat-; 
is also used for welting and 
cords. 

Postformable plastics laminates 
—Cross-creped kraft is used as 
a reinforcement in postformable 
grades of high pressure plastics 
laminates. During the postform. 
ing process, the kraft stretches to 
follow the contours of the curve. 
expanding on one radius and com- 
pressing on the other as required. 

Packaging—Packaging is one of 
the major applications for the 
material. The asphaltic waterproof 
type is used in case liners for 
overseas packaging. For this ap- 
plication, the material provides 
toughness, stretchability and re- 
sistance to moisture and moisture 
vapor. Cross-creped kraft is also 
used as a cushioning material for 
packaging and shipment of deli- 
cate electronic parts. 

Other uses—Other applications 
for the material include: 

1. A moisture barrier in some 
types of telephone switchboard 
cables. The material stretches over 
sharp bends and remains water- 
proof. 

2. A covering for insulation 
batts used for outdoor concrete 
construction. Such batts are ap- 
plied around freshly poured con- 
crete to prevent freezing at low 
temperatures. The material pro- 
tects the batts and permits them 
to be re-used. 

3. A rug underlay. Cross-creped 
kraft is used to reinforce the rub- 
ber, which provides an antislip 
surface. 

4. Imitation leather. With an 
appropriate surface coating, cross- 
creped kraft provides an excellent 
imitation leather. The material 
has the necessary high edge tear 
strength and a remarkably leather- 
like hand. 

5. Imitation chamois. When 
treated with an appropriate resin 


-and moistened, the material re- 


sembles chamois and can be used 
as such. 
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How to Get More Out of 


Type 410 Stainless Steel 


by Fred J. Poss, Westinghouse Electric Corp. 





B Users of type 410 stainless stee! 
seldom get full value out of this 
versatile material because they do 
not heat treat it properly. Many 
problems could be avoided by fol- 
lowing two rules: 

1. In hardening, do not quench 
in oil; either select a material of 
known high hardenability and use 
straight air cooling, or martemper 
in a hot salt bath. 

2. In annealing, do not furnace 
cool; use isothermal annealing to 
get the softest possible structure. 

The difficulties encountered in 
heat treating type 410 can be 
attributed to its wide range of 
permissible compositions. A prim- 
ary problem is the broad range of 
carbon permitted. Type 410 is a 
martensitic steel and yet carbon, 
the most effective hardener and 
strengthener, has wider limits 
(0.08-0.15), percentagewise, than 
the plain carbon steels. Nitrogen, 
although not specified, is almost 
equal to carbon as a hardening 
agent and is usually present in 
significant quantities. Briefly, a 
specimen high in ferrite formers 
chromium, silicon) and low in 
austenitizers (carbon, nitrogen, 
nickel) may have very different 
mechanical properties than when 
the reverse is true. 


Hardening and tempering 

Type 410 is a borderline air 
hardening steel. Either very deep 
or shallow hardenability may be 
found, depending on the balance 
of critical elements. Curves from 
various sources show that the 
1350 F transformation may begin 
at times from 30 sec up to several 
minutes. Obviously, no single 
hardening heat treatment can 
cover all shapes, sizes, and compo- 
sitions of type 410 parts and give 
consistent results. 

Oil quenching a large and/or 
complex piece will develop full 
hardness, but the work may crack, 
distort or fail prematurely in serv- 
ice. Straight air cooling may not 
be fast enough to give the neces- 
sary hardness if the stainless steel 
has fast 1350 F transformation 
properties. There are two solu- 
tions: select a material of known 
high hardenability for straight air 
cooling, or martemper by quench- 
ing in salt from the hardening 
temperature. The salt bath is 
maintained at temperatures from 
800 to 1000 F (Ms for type 410 is 
around 650 to 700 F). When the 
work reaches salt temperature 
(5-10 min), remove, air cool and 
temper. This method gives lowest 
residual stress and distortion with 





Fig 1—Izod impact strength and 
Rockwell C hardness of type 410. 


Fig 2—Effect of cooling on type 410 
stainless steel. 













































maximum hardness and strength. 
Tempering at successively higher 
temperatures reduces stress; up 
to 900 F type 410 shows no re- 
duction in hardness or strength. 


A comparison of hardness and 
strength properties after air cool- 
ing and oil quenching of type 410 
parts is shown in Fig 1. The oil 
quenched parts were heat treated 
4 hr at 1850 F and quenched in 
an oil bath at 150 to 200 F. The 
air cooled specimens were heat 
treated 1% hr at 1850 F and air 
cooled at a maximum of 200° F 
per hr. The graph shows that the 
hardness values of air and oil 
quenched specimens are practically 
superimposed. However, impact 
strengths of the two heat treated 
steels vary greatly; the impact 
strength of air hardened speci- 
mens remains relatively constant 
at temperatures up to 850 F, 
whereas the impact strength of 
oil hardened specimens is lowered 
when they are tempered at tem- 
peratures over 650 F. 

Annealing 

When annealing type 410 stain- 
less steel parts to improve ma- 
chinability, the softest structure 
(Rockwell B 75-80) is produced by 
isothermal annealing for 2 to 3 hr 
at temperatures of 1350 to 1400 F 
until austenite transformation is 
complete. The directive “furnace 
cool from austenitizing tempera- 
ture” does not work with type 410. 
Type 410 compocitions having 
deep hardening properties may 
harden appreciably with uncon- 
trolled furnace cooling. 

The curves in Fig 2 show the 
effect of cooling rates on trans- 
forming type 410 stainless steel 
from austenite to martensite struc- 
tures. Note the absence of trans- 
formation at 1350 F on furnace 
cooling and on cooling at 400° F 
per hr. The end result here is a 
brittle, untempered martensite 
stainless steel that is unfit for any 
critical application. 
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PHYSICAL PROPERTIES 


Density, Ib/cu in 


Ther Cond (68 F), Btu/hr/sq ft/°F/ft.................. 


Coef of Ther Exp (68 F), per °F 


Specific Heat (68 F), Btu/Ib/°F....................0-. 


Electrical Resistivity (68 F), microhm-cm 
Modulus of Elasticity in Tension, psi.... 
Modulus of Rigidity, psi - 
I Sal i clans sibmnesin’ 


MECHANICAL PROPERTIES 











Tensile Strength, 1000 psi 
Quenched 
Cold Rolled 

Yield Strength, 1000 psi 
Quenched 


ee he eM Oe el sweade 


Elongation (2 in.), % 

Quenched 

Cold Rolled 
Reduction of Area (quenched), %.......... 
Hardness, Rockwell 

Quenched 

Cold Rolled 





0.257 
4.9 
11.1 x 106 


149 


13.5 x 108 | 


4x 106 


es... 


0.259 
4.9 
14.2 x 106 
0.126 
174 
18 x 10¢ 


44x 10 


120 





aCold rolled 30%. bCold rolled 50%. 


Three 
Manganese 
Alloys 


have useful thermal and 


elastic properties 


An unusual combination of properties is leading to new 
applications of these relatively unknown alloys. 


by John L. Everhart, 


Technical Editor, Materials in Design Engineering 
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@ Commercially pure manga 
available as the electrolytic gr.de 
has no known engineering : | 
cations because it is hard 
brittle at room temperature, ] 
ever, alloying with certain n 
in suitable proportions jy 
ductile materials. Among the high 
manganese (50% or more 
alloys that have been investigated. 
three groups have achieved com- 
mercial importance. These are 

1. Manganese-copper alloys con- 
taining 60 to 80% manganese. 

2. Manganese-nickel-copper  al- 
loys containing 60 to 80% map- 
ganese and 10 to 20% nickei. 

3. Ternary alloys containing 50 
manganese, 45 iron and 5% of 
aluminum, cobalt or nickel. 


1. Manganese- 
copper 


Manganese-copper alloys con- 
taining 60 to 80% manganese 
have high electrical resistivities 
and low temperature coefficients 
of resistance as quenched, and 
they also have interesting elas- 
tic properties. This combination 
makes them attractive for various 
specialized applications. The man- 
ganese-copper alloys are not very 
corrosion resistant. 

Of the manganese-copper alloys, 
the 80 manganese-20% copper al- 
loy is in commercial production. 
This alloy has an unusual combi- 
nation of elastic properties; as 
shown in the table, it combines 
a low modulus of rigidity and an 
extremely high Poisson’s ratio. In 
addition, when properly heat 
treated, it has high damping ca- 
pacity; internal friction Q, is re- 
ported to be 1750, compared with 
5 for beryllium copper. The 
maximum damping capacity oc- 
curs at a stress of 10,000 psi and, 
in practical use, it is necessary 
that the vibratory stress be super- 
imposed upon an initial stress. 

The 80-20 alloy is available in 
hot or cold rolled bars for forg- 
ings, in heat treated parts and in 
sheet. The alloy can be hot worked 
at 1600 to 1650 F or worked in the 
range from room temperature to 
500 F. Working between 500 to 
1500 F must be avoided because 
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Typical parts made from bimetal combinations of 72-18-10 alloy are shown here. 


the alloy is brittle in this range. 
Among applications for this al- 
loy are cams for textile machin- 
ery. A test against a hardened 
steel follower-roll showed that the 
alloy had a much higher safe load 
factor than some other materials 
—3000 Ib per sq in. of face on 
the cam follower, compared with 
750 for cast iron and 600 for 
nylon. Because of its high damp- 
ing capacity, the 80-20 alloy also 
performs at a low noise level. 
The unusual combination of 
elastic constants permits a high 
degree of conformance between 
the 80-20 alloy and a steel surface 
when the two are pressed togeth- 
er. This effect has resulted in the 





Chicago Development Corp. 
Friction transmission based on the 
unusual elastic properties of the 80- 
20 manganese copper alloy can trans- 
mit about % hp with a roll width of 
% in, 


Metals & Controls Corp. 


development of a friction trans- 
mission in which a film of oil is 
maintained between the surfaces 
at high pressure and, in effect, 





acts as a solid. The simplest 
transmission of this type uses a 
set of rolls: one steel, the other 
manganese alloy. In this system, 


The Properties of Manganese 


Manganese exists in three, or 
possibly four, structures de- 
pending on the temperature. 
These structures are called alpha, 
beta, gamma and delta; trans- 
formation from one to the other 
occurs as follows: 

Alpha to beta—1340 F 

Beta to gamma—2010 F 

Gamma to delta—2080 F 

These changes are important 
to the engineer only because of 
the properties of the various 
phases. Alpha, which is the 
phase stable at ordinary tem- 
peratures, is brittle and cannot 
be fabricated. Beta, stable at 
moderately elevated tempera- 
tures, is also brittle. The high 
temperature phase, gamma, is 
sufficiently ductile to be cold 
worked. Unfortunately, the gam- 
ma phase cannot be retained in 
pure manganese at room tem- 
perature. However, this phase 
can be retained in certain alloys 
and these alloys are the basis of 
some engineering applications of 
manganese. 

Manganese has about the same 
density as iron, its coefficient of 







thermal expansion is in the same 
range as those of aluminum and 
magnesium, and it has a rela- 
tively low melting point. Prob- 
ably its outstanding physical 
property is its high electrical 
resistivity — roughly 100 times 
that of copper and three times 
that of austenitic stainless steel 
(18-8). 

Manganese oxidizes slowly in 
air and decomposes cold water 
slowly and warm water rapidly. 
It dissolves readily in dilute 
mineral acids but is not attacked 
by boiling concentrated solutions 
of potassium or sodium hydrox- 
ide. It reacts with sulfur, and 
forms a nitride when heated 
with ammonia. 


SOME PROPERTIES OF 
ELECTROLYTIC MANGANESE: 





Density, Ib/cuin.............. 0.268 
Melting Point, F............... 2273 
Coef of Ther Exp (68 F), per °F. . .12.2 x 106 
Specific Heat (68 F), Btu/Ib/°F.. 0.114 
Elec Res (68 F), microhm-cm... 185 





aProperties of the modification stable at 
room temperature. 
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Stress, |OOO psi 


Elongation 


Elongation (2in.), % 


200 400 
Temperature, F 


Chicago Development Corp. 
Effect of temperature on mechan- 
ical properties of 72-18-10. 


about 1%, hp can be transmitted 
with a roll width of 1% in. Conical 
rolls can be used to obtain var- 
iable speed transmission. 

The 80-20 alloy is also used in 
gears to reduce vibration and 
noise, and as a vibration absorb- 
ing axle in instruments such as 
clocks having Geneva movements. 

A 95 manganese-5% copper al- 
loy is also in production on a 
limited scale. This alloy is ductile 
and has been rolled to 0.003-in. 
sheet without difficulty. Informa- 
tion on properties and applications 
of this alloy is not available. 


2. Manganese- 
copper-nickel 


The manganese-copper alloys 
containing 60 to 80% manganese 
are not stable above 575 F. Sub- 
stitution of nickel for part of the 
copper increases thermal stability, 
and alloys of this type containing 
10% nickel are not affected by 
heat treatment. Addition of nickel 
does not markedly affect the high 
electrical resistivity and low tem- 
perature coefficient of electrical 
resistance that are characteristic 
of the manganese-copper alloys, 
but does improve corrosion resist- 
ance. 

The most useful attribute of the 
modified alloys, however, is their 
high coefficient of thermal ex- 
pansion. The highest coefficient 
of the group occurs in an alloy 
of 72 manganese-18 copper-10% 
nickel, and this alloy is com- 


mercially the most important of 
the manganese-base alloys. As 
shown in the table, this alloy has a 
coefficient of expansion of 14.2 x 
10-* per °F, the highest coefficient 
of any alloy having a comparable 
yield strength 

Although the manganese-cop- 
per-nickel alloys are more resist- 
ant to atmospheric attack than 
the manganese-copper alloys, some 
are sensitive to intergranular at- 
tack by salt solutions, including 
perspiration, and require surface 
protection (which may be simply 
lacquer). However, the 72-18-10 
alloy is immune to attack. 

The 72-18-10 alloy also has a 
thermal conductivity of 5 Btu/ 
hr/sq ft/°F/ft. This value is in 
contrast to 226 for copper, 67 for 
yellow brass, 27 for low carbon 
steel and 9 for stainless steel 
(18-8). 

The mechanical properties of 72- 
18-10 are also attractive, combin- 
ing relatively high strength with 
good ductility. As shown in an 
accompanying graph, these prop- 
erties are not greatly reduced by 
heating to 600 F. 

The alloy is commercially avail- 
able in sheet, strip, hot rolled 
bars, extruded tubing and special 
shapes. It can be cold worked 
readily and hot worked at 1600- 
1650 F. It has machinability com- 
parable with that of monel. 

This high manganese alloy can 
be joined to itself or to steel by 
resistance welding, atomic hydro- 
gen welding, oxyacetylene weld- 
ing or by silver alloy brazing. 
After welding, no thermal or 
chemical treatments are required 
to restore corrosion resistance. 

Extensive use is made of 72- 
18-10 as a component of thermo- 
static bimetallic elements. With 
its high coefficient of expansion, 
it provides maximum energy per 
degree of temperature change. 

The relative movement of bi- 
metal combinations is indicated 
by the ASTM flexivity test. The 
procedure (given in ASTM B 106- 
51T) involves changing the tem- 
perature of a strip of bimetal 
and determining the dimensional 
changes, or flexivity, by calcula- 
tion. Brass-Invar, probably the 


146 « MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 


most widely used bimetal 
bination, has a flexivity val 
1.52 x 10° over the range 

200 F. Over the same ran; 
bimetallic strip composed of 

of the 72-18-10 alloy and 
Invar has a flexivity value of 

x 10-5, highest of the bimeta 
commercial use. This bimetal : 
bination also has an electrical] re- 
sistivity equivalent to that of the 
most widely used resistance alloy, 
80 nickel-20% chromium. 

Since its camping capacity js 
about 25 times that of hardened 
steel at low stresses, this alloy js 
also used to eliminate sustained 
resonance of metallic members re- 
sulting from intermittent shock. 
It has been employed for damp- 
ing vibrations in applications for 
which rubber is unsuitable. 

Other applications include low 
temperature resistors, auxiliary 
rheostats for circuit’ breakers, 
components of electrical appli- 
ances, and drive shafts that re- 
quire low heat transmission, 


3. Manganese-iron- 
aluminum 


Binary manganese-iron alloys 
containing 50% of each element 
have relatively low coefficients of 
expansion, but replacement of 
part of the iron by aluminum, 
nickel or cobalt improves the 
properties. Of the three addition 
elements, aluminum yields the 
best properties and a commercial 
alloy has been developed. 


This alloy contains 50 man- 
ganese-45 iron-5% aluminum. It 
has a coefficient of expansion 
close to those of some ceramic 
materials and a relatively high 
electrical resistance. It has been 
used as the terminals on enameled 
resistors, but applications are 
limited because the coefficient of 
expansion is constant only up to 
about 400 F. 
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1. Preparation of Entries 

The following information must be provided with each 
entry in order to allow the judges to make competent 
decisions. 


a. A detailed description of the product includ- 
ing photographs or drawings. If the entry is a_ re- 
design, provide before and after illustrations if pos- 
sible. 


b. A description of requirements in service and/ 
or fabrication that must be met by the product and 
the material. 


Cc. A description of the previously used materials 
(if entry is a redesign). 


d. A description of the material or materials 
selected for the product entry. 


@. An explanation of why the material or mate- 
rials were selected for the product. Describe the ad- 
vantages or benefits gained through the choice. 
Back them up with evidence — facts, data, charts, 
tables on performance, quality or cost. 


In general, entries should show that the materials 
selected for the product — 
Resulted in improved performance and/or lower 
costs 
or 
Best met the design and service requirements. 


Here are a few specific ways in which a product can 
benefit from intelligent materials selection: 
Long service life Reduced scrap 
Lower basic materials Reduced or eliminated 
cost maintenance 
Less material required Permitted lower cost 


Improved appearance design 
Permitted anew design Allowed greater design 
Reduced production costs flexibility 


Improved service 
performance 


Simplified production 
and fabrication 


Remember! The more detailed and documented 
your entry is, the more consideration it will re- 
ceive from the judges. 


2. Entries or portions of entries will not be returned 
unless requested. Entries should not include valuable 
papers or other material which must be returned, 
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or other copies of such materials should be used 
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3. Materials in Design Engineering plans to 
publish articles on the winning entries and reserves 
the right to publish articles on entries not winning 
awards. 


4. All entries must be postmarked not later than 
January 15, 1958. 
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NAME(S) OF PERSON(S), GROUP OR ORGANIZATION WHO WOULD RECEIVE AWARD 
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NAME OR BRIEF DESCRIPTION OF PRODUCT BEING ENTERED 








WAS DESIGN (OR REDESIGN) OF ENTRY EITHER COMPLETED OR PLACED IN PRODUCTION DURING 1957? 



















LO LALA 
Westinghouse Electric Corp. 
Huge marine reduction gear typifies problem of selecting right material for specific end application. This gear is 


built up of plain carbon steel hub and webs to which are welded gear rims of carbon or molybdenum-vanadium steel. 


Materials for Gears 


by Norman E. Woldman, Consulting Engineer 


* 
Materials 
in Design Engineering 
oS i es nRNRERERRC SRO mrNE Mg i ‘ . - » 
Manual No. 148 The satisfactory performance of a gear depends to a 


November 1957 large degree upon the materials of which it is made. A 
large number of gear materials are available to the 
designer for specific end applications. This article 
encompasses : 


m Selection factors you should consider 
g@ Data on metals and nonmetallics for gears 
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The primary function of a gear 
is to transmit power and/or mo- 
tion. To perform its function ef- 
fectively a gear must meet several 
essential requirements, principal 
of which are: 1) adequate load 
carrying capacity, 2) resistance 
to wear and pitting, and 3) re- 
sistance to bending fatigue. 

In selecting a gear material it 
is necessary to have a thorough 
knowledge of the loads to which a 
gear will be subjected, as well as 
a proper appreciation of the limits 
imposed by manufacturing meth- 
ods. Chemical composition is not 
the only criterion used in selecting 
and specifying a gear material. 
Cost, method of manufacture, 
character and degree of mechani- 
cal working, and mill heat treat- 
ment are typical of the factors 
that must also be considered. The 
proper material to use is one that 
meets design requirements, as 
well as the machining and heat 
treating requirements of the pro- 
duction department and the cost 
and availability requirements of 
the purchasing department. 


Strength 

The strength of a gear depends 
on a number of factors; the most 
important are tooth form and ma- 
terial. In selecting a_ suitable 
material it is first necessary to 
determine operating loads and 
stresses. The load on each tooth 
and, in turn, the total load carry- 
ing capacity of a gear, is deter- 
mined by the number of teeth 
that are in contact. Also, because 
of impact loading, the stress on 
a tooth is generally considered to 
be much higher when the tooth is 
operating at zero or near zero 
speeds than when it is operating 
at high speeds. 


Durability 

The durability of a gear is re- 
lated to material toughness and 
hardness. Gears of relatively soft 
steels have self-correcting proper- 
ties which make them useful if 
misalignment is liable to be pres- 
ent. Gears that are heat treated 
after cutting are subject to dis- 
tortion and may produce highly 


Selection Factors 
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concentrated and localized load- 
ing. These gears are often sub- 
ject to fatigue bending and tooth 
breakage at loads that would 
not have any effect on gears heat 
treated before cutting. 
Toughness 

In general, the impact resist- 
ance of a gear decreases as its 
hardness and surface durability 
increase. Toughness and resilience 
are a good measure of resistance 
to overloads, shocks and impact, 
and these properties determine if 
a gear member can absorb the 
energy of a moving body. In other 
words, toughness is a measure of 
ultimate energy strength and de- 
termines the reserve strength 
available for resisting excessive 
energy loads. 
Wear resistance 

The wear resistance of a gear 
is a function of its hardness, 
strength and plasticity. A rough 
formula can be derived which 
states that the wear resistance of 
a material is equal to the product 
of its hardness and toughness. To 
wear well a metal must resist 
the displacement of its particles 
(hardness) and, if the particles 
are displaced, it must resist the 
removal of its particles (tough- 
ness). Generally, if two metals 
have the same tensile strength, 
the metal with the highest ductil- 
ity will also have the greatest 
wear resistance. Also, assuming a 
given ductility, a material’s wear 
resistance can be increased by in- 
creasing its tensile strength and 
the fineness of its crystal struc- 
ture. 


Finish and fatigue 

The resistance of a gear to 
bending fatigue is greatly influ- 
enced by surface finish. In all 
cases surfaces should be smooth 
and free from defects. No matter 
how perfectly they are finished, 
the surfaces of repeatedly stressed 
gear teeth are much more vulner- 
able to failure than deeper layers. 
Vulnerability to fatigue increases 
with surface roughness, particu- 
larly if the roughness consists of 
notches that are oriented at right 


angles to the principal stress. 

However, highly polished su 
faces and fillets may lead to 
false sense of security if, as 
result of machining or straighte 
ing operations, internal stress 
of the wrong kind are produc: 
Certain grinding operations ec: 
produce high surface tension 
stresses and thus promote fatigue 
failure. 

Since fatigue failure is largely 
due to tensile stresses, these 
stresses should be reduced or re- 
moved wherever possible or, bet- 
ter still, converted to compressive 
stresses by suitable treatment. 
The most plausible explanation of 
the effectiveness of surface com- 
pression stresses is that when a 
load is applied the tension stress 
it produces is decreased by the 
amount of compression prestress. 
Thus, since fatigue failure starts 
only from tension stresses, the fa- 
tigue durability of the surface 
layer is increased. 

The superior fatigue strength 
of surface hardened steels is due 
to compressive stresses. These 
stresses are helpful in resisting 
bending and torsion. Surface com- 
pressive stresses can be produced 
by peening, nitriding, carburizing, 
flame or induction hardening, or 
drastic quenching. Surface com- 
pressive stresses of over 160,000 
psi have been reported for ni- 
trided steel, 90,000 psi for carbu- 
rized steel, and 30,000 to 40,000 
psi for induction hardened steel. 

Since gear failures usually oc- 
cur in regions of localized stress 
concentration, particular attention 
must be given to the problem of 
stress raisers. Some stress raisers 
are the results of poor design and 
are produced by notches, sharp 
corners, abrupt section changes, 
inadequate fillets, grooves, re-en- 
trant angles, keyways, oil holes 
and screw threads. Other stress 
raisers are the result of poor fab- 
rication and are produced by in- 
ferior machining, tool marks, 
scratches, quenching and grinding 
cracks, and_ sharp __ inspection 
stamps on highly stressed sur- 
faces. 
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Gear Materials— 
A Quick Summary of Their Properties 





arburizing Steels 


Nitriding Steels 


Through Hardening Steels 


Special Gear Steels 
Leaded Steels........ 


High Manganese Steels 

Boron Steels............ 
Stainless Steels ......... 
Ultra High Strength Steels. 


Pre-heat Treated Bar Steels 





Gray Cast Iron 


Nodular or Ductile Iron 


Bronzes 
Tin Bronze......... 


Silicon Bronze........... 


Phosphor Bronze........ 


Leaded Bronze........... 
Manganese Bronze ....... 
Aluminum Bronze ........ 


Nickel Bronze............ 








Metal Powders 


— 


Combine maximum surface hardness and wear resistance with interior 
toughness and shock resistance. Best suited for heavy duty service. 
Offer high resistance to wear, pitting and fatigue. Low carbon content 
provides maximum ductility; higher. carbon content provides maximum 
core strength. Core and case properties depend largely on type of heat 
treatment. 

Case properties generally same as carburizing steels. Useful for large 
gears with thin sections. Nitrided steels retain hardness at temperatures 
up to 80) F. 


Possess greater core strength and provide quieter operation than car- 
burized steels. Less expensive than carburizing steels because of 
simpler heat treatment required. Not as ductile or as resistant to surface 
compression stresses as case hardened steels. Relatively shallow har- 
dening types suitable for gears requiring only moderate strength and 
impact resistance. Medium to deep hardening materials suitable for 
gears requiring medium to high wear resistance and high load carrying 
capacity. 


Reduce machining time and costs. Permit faster metal removal through 
use of deeper cuts and faster cutting speeds. 

High resistance to heat, wear and bending stresses. Surfaces become 
work hardened and polished after use. 

Used for highly stressed gears. 

High corrosion resistance combined with excellent mechanical properties. 

Combine maximum ductility with high tensile strengths (230,000 psi 
and over). 

Used for gears that cannot be heat treated after machining. Use where 

distortion cannot be tolerated, tolerances are small, or where grinding 

to close tolerances is impractical. 





Combine low cost with good damping capacity and good wear resistance 
when properly lubricated. Relatively weak compared with rolled, forged 
or cast steel. Quality depends to large degree on foundry practice. 
Good casting and machining properties. Wear resistant. Higher strength 
than gray cast iron. Respond well to heat treatment and make depend- 
able power transmission elements 





Good hardness, strength and resilience. Recommended for general 
purpose worm wheels. 

Usually used for worm wheels that mate with case hardened worms. 
Recommended for medium loads and medium‘to high speeds. 

Used for worm wheels that mate with worms of high hardness and fine 
accuracy. Generally recommended for medium loads and[medium to 
high speeds. Some grades can be used under heavy pressures and 
severe working conditions. 

Recommended for worm gears to mate with soft steels under low loads 
and low to medium speeds. 

High manganese bronze is highly wear resistant. Recommended for 
high loads and speeds. 

Combines high strength and hardness with good resistance to wear and 
fatigue. Particularly suited for severe service where long life is required. 

Good yield strength, toughness and wear resistance. 











Low cost when produced in large quantities. Widely used for low loads 
and comparatively low speeds. Properties can be considerably improved 
by carburizing and impregnation. 





Nonmetallic Materials 
Molded Plastics .......... 


Reinforced Laminates... .. 
Rawhide 





Quiet operation, good resiliency, vibration and damping properties, 
combined with low cost in large quantities. 

Properties generally same as molded materials. 

Quiet operation combined with high shock resistance, comformability 
and resiliency 










Ferrous Metals 


Steel is the most widely used 
ferrous material for gears since 
it can be manufactured and proc- 
essed to a great many different 
specifications, each of which has 
a definite use. In general, there 
are two types of gear steels: sur- 
face hardening and through hard- 
ening. The surface hardened steels 
are hardened to a relatively thin 
case depth and include carburiz- 
ing and nitriding steels in low 
plain or alloy’ types. 
Through hardening steels may be 
comparatively shallow hardening 
or deep hardening, depending on 
their chemical composition and 
method of hardening. 
Carburizing steels 

General properties — Carburiz- 
ing or nitriding grades of steel 
are usually specified where maxi- 
mum wear resistance is required 
for bearing surfaces. Carburized, 
case hardened gears are best 
suited for heavy duty service, e.g., 
transmission gears, and offer high 
resistance to wear, pitting and 
fatigue. Surfaces must be suffi- 
ciently hard to resist wear and 
of sufficient depth to prevent 
crushing. A rough rule for case 
depth is that it shall not exceed 
one-sixth of the base thickness of 
the tooth. 

A case hardened gear provides 
maximum surface hardness and 
wear resistance, and at the same 
time provides interior toughness 
to resist shock. In general, case 
hardened gears can withstand 
higher loads than through hard- 
ened gears, although the latter are 
quieter and are less expensive be- 
cause of the simpler heat treat- 
ment required. 

Selection factors—A number of 
factors must be considered when 
selecting a case hardened gear: 

1. High tooth pressures will 
crack a thin case. 

2. Too soft a core will not pro- 
vide proper backing for a hard 
case. 

3. Compressive stresses in the 
case improve fatigue durability, 
and a high case hardness increases 
wear resistance. 


carbon, 
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4. If the ratio of case depth to 
core thickness is too small, exces- 
sive stresses in subsurface layers 
can produce poor fatigue life. 

5. Residual tensile stresses are 
highest with low core hardness 
and increase with increasing case 
depth. These stresses can be re- 
lieved by tempering. 

Grain size variations have an 
important effect on core proper- 
ties. These variations are influ- 
enced by the type of steel and the 
method of heat treatment used 
subsequent to carburizing. Sec- 
tion thickness also influences core 
properties. 

A tough tooth core may not be 
required in applications where a 
gear will not be subjected to im- 
pact loading. In these applications 
core properties are relatively un- 


important, provided the core is 
sufficiently hard to support the 
case. Considering the case alone, 
it is important that the surface 
resist wear and fatigue bending, 
since bending stresses vary from 
a maximum at the surface to zero 
near the tooth center. 

Effects of composition—The car- 
bon content of carburized gears is 
usually within the range of 0.10 
to 0.25%. (A earbon content of 
0.35% has also been occasionally 
used.) A low carbon content is 
usually used to obtain maximum 
ductility, and a high carbon con- 
tent is used to obtain maximum 
core strength. The recent trend is 
toward high carbon gears with 
comparatively shallow cases pro- 
duced by gas carburizing or acti- 
vated carburizing baths. 


In 


all typical case 


hardenir 


carbon and alloy steels the desir; 


carbon 


SAE) 


content 


is obtained 
specifying the proper AISI 


designation. The last ty 


digits of the steel designation j 


dicate the mean carbon conter 
The 1100 series carbon steels are 


the 


free-cutting 


representative 
steels used for gears are: 1015. 
1020, 1022, 1025, 1117, 1118, 2317. 
2515 and 3120. Also, 
4118, 4320, 4620, 4820, 5120, 6120. 
8620, 8720 and 9310. Many other 


grades. 


AISI 


Som: 


carburizing 


3310, 4020, 


standard and special carburizing 


steels of low and high carbon and 
alloy content are also available. 
The nickel carburizing steels are 


used chiefly where exceptional core 


toughness combined with the high- 


est degree 


TABLE 1—PROPERTIES OF TYPICAL CARBURIZED GEAR MATERIALS:= 


of 


wear 


resistance 





| Heat Treatment | Brinell Hardness | 


Tensile Strength, | Yield Point, 



























































Steel Carbon | Elongation in | Reduction of Area, 1zod Impact 
+ Content (see key) | psi psi | 2 in., % % Strength, ft-lb 
1-In. Rods 
C1015 a ae 149 | 73,000 46,000 32 71 9] 
C1020 0.20 Al : 156 | 75,000 48,000 31 71 93 
C1022 0.22 a. 163 82.000 47,000 27 66 8] 
C1117 0.17 A2... 192 96,500 59,500 23 53 33 
C1118 0.18 A2.. 229 113,000 76,500 17 45 16 
Y-In. Rods 
2317 0.17 REN 195 | 95,000 60,000 35 65 85 
B12. 210 100,000 65,000 30 60 70 
9515 «=| «047 | BI3........... 7 ~=—«|~SCS*«Y 30,000 90,000 24 60 65 
| ee 352 | 170,000 135,000 14 50 40 
315 | 0.17 nS Saree 212 | ~~ 100,000 70,000 25 55 55 
3310 | 0.10 ees 375 | 181,500 149,000 | 15 57 | 40 
| a 363 | 180,000 | 145,500 14 | 57 | 55 
RRS 352 | 177,000 | 143,500 15 | 58 | 47 
Say 375 | 181,000 | 153,000 15 | 58 | 40 
ee 363 180,000 | 149,500 | 14 | 58 | 57 
ae 341 175,500 | 146,500 | 15 | 59 | 50 
4320 0.20 |Bl............ 429 217,000 159,500 13 50 33 
| B2. 429 218,000 178,000 14 48 28 
See 302 152,000 97,000 20 | 49 49 
ee 415 215,000 159,000 13 49 26 
KEY TO HEAT TREATMENT and core: pot cooled, reheated to 1500 F, quenched in oil, 


A—Single quench and temper 





1—Carburized at 1675 F for 8 hr, pot cooled, reheated to 1425 F, 


water quenched, tempered at 350 F. 


2—Carburized at 1700 F for 8 hr, pot cooled, reheated to 1450 F, 


water quenched, tempered at 350 F. 


B—Recommended practice for maximum case hardness 


reheated to 1450 F, quenched in oil, tempered at 300 F. 
4—Same as B3 except final quench from 1425 F. 





1—Direct quench from pot: quenched in oil, tempered at 300 F. 
2—Single quench and temper for good case and core properties: pot oil, 

cooled, reheated to 1500 F, quenched in oil, tempered at 300 F. 
8—Double quench and temper for maximum grain refinement of case 





5—Same as B3 except final quench from 1475 F. 
6—Same as B2 except final quench from 1475 F. 
7—Same as B2 except final quench from 1550 F. 
8—Same as B3 except pot cooled, reheated to 1550 F, quenched in 
oil, reheated to 1475 F, quenched in oil, tempered at 300 F 
9—Same as B2 except reheated to 1450 F. 
10—Same as B3 except pot cooled, reheated to 1475 F, quenched in 
reheated to 1425 F, quenched in oil, tempered at 300 F 
11—Same as B3 except reheated to 1525 F, quenched in oil, reheated 
to 1375 F, quenched in oil, tempered at 300 F. 
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id greatest surface compressive 
rength is required. These steels 
re the nickel steels (2000 series), 
ickel-chromium steels (3000 se- 
es), nickel-molybdenum 
i600 and 4800 
ickel — chromium — molybdenum 
teels (4300, 8600, 8700 and 9300 
The carbon-molybdenum 
teels (4000 series) are used 
vhere exceptional toughness and 
ood resistance to temper brittle- 
ness are required. 


steels 
series), and 


erles). 


Another advantage of the more 
highly alloyed steels is the ability 
of heavy sections to harden more 
completely. This greater harden- 
ability promotes’ better core 
strength properties than can be 
achieved with shallow hardening 
steels quenched in the same size 


Effects of heat treatment— 
Table 1 lists the properties that 
can be expected of typical case 
hardened carbon and alloy steels. 
As shown, three methods of 
quenching and tempering can be 
used to obtain varying ranges of 
case and core properties. Method 
A consists of a single quench and 
provides a good compromise of 
case and core properties. Method 
B is recommended for maximum 
case hardness and Method C is 
recommended for maximum core 
toughness. 

In the past, double quenching 
was recognized as the best method 
for obtaining optimum case and 
core properties. However, to avoid 
the danger of distortion inherent 
in double quenching treatments, 





rently given a single quenching. 
The development of a single 
quench treatment has been made 
possible by steels with controlled 
maintain a fine 
grained structure after heat treat- 
ment. 


grain size that 


Nitriding steels 

Nitriding steels can be used in 
many gear applications where a 
hard, wear resistant case, good 
fatigue strength, low notch sen- 
sitivity and some degree of cor- 
resistance are desired. 
Since the hardness of nitrided 
steel surfaces does not change at 
temperatures as high as 800 F, 
these steels are quite useful in 
applications where hardness must 
be maintained at temperatures 


rosion 





that would destroy a carburized 











section. most carburized gears are cur- surface. In addition, nitriding 
TABLE 1—PROPERTIES OF TYPICAL CARBURIZED GEAR MATERIALS :—continued 
} | 
Steel Carbon | Heat Treatment | Brinell Hardness | Tensile Strength, Yield Point, | Elongation in | Reduction of Area, 1zod Impact 
+ | Content (see key) psi psi 2 in., % % Strength, ft-lb 
Y)-In. Rods—-continued 

C2 415 212,000 173,000 13 51 29 
C4 293 146,000 94,500 22 56 49 
4620 0.17 Bl 311 148,000 116,500 17 56 47 
B2 277 119,000 83,500 20 59 52 
5 248 122,000 77,000 22 56 64 
Cl 302 147,500 116,000 17 58 43 
C2 248 115,500 81,000 21 64 69 
C5 235 115,000 77,000 23 62 78 
4820 0.21 Bl 415 205,000 165,500 13 3 33 
B6 415 207,500 167,000 14 52 44 
B3 415 204,500 165,500 14 52 31 
Cl 401 200,500 170,000 13 53 30 
C6 415 205,000 184,500 13 3 4] 
C3 401 196,500 171,500 13 53 29 
8620 0.23 Bl 388 192,000 150,000 13 50 28 
B7.. 388 188,500 150,000 12 52 26 
B8.. 269 133,000 83,000 20 5/7 56 
Cl.. 352 181,000 134,000 13 51 34 
| 341 168,000 121,000 14 53 30 
C8... 262 130,000 77,000 23 52 66 
9310 0.1] = 375 179,500 144,000 15 59 57 
B9.. 363 173,000 135,000 16 60 61 
B10. 363 174,500 139,000 15 62 54 
Cl. 363 178,000 146,500 15 60 46 
| C9.. 341 168,000 137,500 16 60 39 
C10 352 169,500 138,000 15 62 63 








12—Same as B11 except final quench in water. 


13—Same as B38 except reheated to 1500 F, 
to 1350 F, quenched in oil, tempered 


quenched in oil, reheated 
at 300 F. 





14—Same as B3 except reheated to 1525 F, quenched in oil, reheated . —Same 
to 1400 F, quenched in oil, tempered at 300 F. 5—Same 
15—Same as B3 except reheated to 1550 F, quenched in oil, reheated 6—Same 
to 1400 F, quenched in oil, tempered at 300 F. i—Same 
C -Recommended practice for maximum core toughness S ee 
l—Direct quench from pot: quenched in oil, tempered at 450 F. 9—Same 
2—Single quench and temper for good case and core properties. pot 10—Same 
cooled, reheated to 1500 F, quenched in oil, tempered at 450 F. oil, 





3—Double quench and temper for maximum grain refinement of case 
and core: pot cooled, reheated to 1500 F. quenched in oil, 
reheated to 1450 F, quenched in oil, tempered at 450 F. 


as C3 except final quench from 1425 F. 

as C3 except final quench from 1475 F. 

as C2 except reheated to 1475 F. 

as C2 except reheated to 1550 F. 

as C3 except pot cooled, reheated to 1550 F, quenched in 
reheated to 1475 F, quenched in oil, tempered at 450 F. 
as C2 except reheated to 1450 F: 

as C3 except pot cooled, reheated to 1475 F, quenched in 
reheated to 1425 F, quenched in oil, tempered at 450 F. 


















steels make it possible to surface 
harden the teeth of large gears 
having thin sections that might 
be impractical to carburize and 
quench. 

Nitrided gears are relatively 
free from wear up to the load at 
which surface failure occurs, but 
at this load they become badly 
crushed and pitted. Thus, nitrided 
gears are generally not suitable 
for applications where overloads 
are liable to be encountered. 

Hardness of the case is a func- 
tion of the amount and nature of 
the nitride forming elements pres- 
ent, carbon content and nitriding 
temperature. Carbon tends to 
form carbides with the nitride 
forming elements and removes 
them from solid solution so that 


steels containing no aluminum 
have lower surface hardness, but 
their case is considerably tougher 
and they can be peened without 
causing any spalling. 

Nitralloy 
steels are available for surface 
hardening by the nitriding pro- 
cess. These include: Nitralloy 115, 
125, 135, 135 Modified, 225, 230 
and N. 

Nitralloy N, a nickel nitriding 
steel, is a precipitation hardening 
alloy which attains a core strength 
and hardness after nitriding that 
are considerably in excess of its 
original properties. Both Nitralloy 
N and 135 Modified are outstand- 
ing for heavy duty gears that are 
highly stressed (see Table 2 for 
typical core properties). Little 


Several grades of 





pering temperature used for tre 
ing the core is at or above 
nitriding temperature. Howey 

















because of the increased hardn: 
of the case, the elongation, duct 
ity and impact strength of 
alloys are considerably redu 
after tempering, though not to the 
same extent; Nitralloy N develops 
a tougher and softer surface a 
a stronger core than Nitralloy 135 
Modified. 

Any of the AISI steels that 
contain nitride forming elements, 
such as chromium, vanadium or 
molybdenum, can also be nitrided. 
The steels most commonly nitri- 
ded are 4140, 4340, 6140 and 8740. 
In some applications the 0.50% 
carbon grades are also used. 

In some applications it may be 


















they are not available for harden- change in tensile strength of ni- desirable to nitride the gear teeth 
ing during nitriding. Nitriding triding steels occurs if the tem- only and leave the rest of the gear : 
0 
Alloy steel gears: a wide range of properties 
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Philadelphia Gear Works, Inc. Ajax Electric Co., Ine. . 

SAE 4320 steel carburized and hardened to 75 to 85 SAE 1340 automobile transmission gears are case hard- € 
Shore is used for this pair of spiral bevel miter gears. ened to a depth of 5 mils by liquid cyaniding. c 
Bs 

SAE 4140 clutch spur gear is induction hardened to SAE 4640 cast steel helical gear is flame hardened and T 
520 Brinell, quenched to hardness of 65 to 75 Shore. a 


Philadelphia Gear Works, Inc. 
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Philadelphia Gear Works, Ince. 
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ft. Such selective hardening can 

» done with a stop-off coating 

ich as tin plate. The entire gear 

tin plated to 0.3 to 0.5 mil and 
tin plate removed from the 
eth before nitriding 
rhrough hardening steels 

By virtue of their higher carbon 

ynntent, through hardening steel 
ears possess greater core strength 
han carburized gears. They are 

ot, however, as ductile or as re- 

sistant to surface compressive 
stresses and wear as case hard- 
ened gears. Hardness of gear sur- 
faces may vary all the way from 
300 to 575 Brinell. 

Typical of the relatively shallow 
hardening, carbon steel gear mate- 
rials are types 1035, 1040, 1045, 
1050, 1137, 1141, 1144 and 1340. 
These steels are water hardening, 
but not deep hardening, types and 
are suitable for gears requiring 
only a moderate degree of strength 
and impact resistance, 

In general, the more highly 
alloyed through hardening steels 
harden more completely when 
quenched in heavy sections. This 
greater hardenability provides 
greater strength than can be at- 
tained with shallow hardening 
steels quenched in the same size 
section. 

Typical of the low alloy, medium 
to deep hardening gear materials 
are (in order of increasing hard- 
enability) : 4042, 5140, 8640, 3140, 
4140, 8740, 6145, 9840 and 4340. 
These steels, as well as many other 
alloy steels with the proper hard- 
enability characteristics and a 
carbon content of 0.35 to 0.50%, 
are suitable for gears requiring 
medium to high wear resistance 
and high load carrying capacity. 

The core properties of repre- 
sentative through hardening car- 
bon and alloy gear materials are 
listed in Table 3. Other standard 
and special through hardening 
steels are available. In selecting a 
through hardening steel it should 
be borne in mind that a higher 
carbon and alloy content is ac- 
companied by greater strength 
and hardness (but lower ductility ) 
of the surface and core. 

Fully hardened and tempered 


TABLE 2—PROPERTIES OF TYPICAL NITRIDING STEELS>* 
























































Nitralloy 135 Modified Nitralloy N 
yy => 
Before After Before After 
Nitriding Nitriding Nitriding Nitriding 
Tensile Strength, psi 138,000 138,000 132,000 | 190,000 
= Yield Point, psi... .. 120,000 110,000 114,000 | 180,000 
Elongation in 2 in., % 26 4 22 6-15 
Reduction of Area, % 60 17 59 43 
Brinell Hardness... . - 320 310 277 | 415 
Charpy Impact Strength, ft-lb. . 44 21 | -_ | — 
aNitrided for 90 hr at 900 F, quenched in oil and tempered at 1200 F. 
TABLE 3—CORE PROPERTIES OF THROUGH HARDENED CARBON 
AND ALLOY STEEL GEAR MATERIALS 
Tensile Yield | Etongation | Reduction | Izod Impact Brinell 
Type of Steel Strength, Point, | in 2 in., | of Area, Strength, Hardness 
ab psi psi | % % | ft-Ib 
WATER QUENCHED CARBON STEELS (1-IN. BARS) 
C1030... 122,000 92,000 16 47 9 475 
C1040... 130,000 95,000 17 50 10 475 
C1050. . 160,000 116,000 12 34 9 475 
C1i37... 216,000 168,000 4 17 7 415 
C1144... 290,000 188,000 5 11 2 555 
OIL QUENCHED CARBON STEELS (1-IN. BARS) 
C1137... 156,000 136,000 6 22 10 352 
C1144. . 127,000 92,000 16 36 7 277 
WATER QUENCHED ALLOY STEELS (%-IN. BARS) 
2330... 250,000 205,000 12 50 30 460 
4130... 232,000 196,000 12 43 32 460 
8630... 228,000 210,000 1] 52 2 460 
OIL QUENCHED ALLOY STEELS ('4-IN. BARS) 
1340...... 235,000 205,000 | 10 42. | 7 475 
ae 242,000 218,000 | 12 50 22 475 
4140..... 240,000 220,000 12 47 g 475 
4150... 237,000 220,000 10 39 12 475 
4340... 248,000 216,000 13 49 13 475 
4640........ 243,000 227,000 12 47 13 475 
5190....... 245,000 223,000 10 39 7 475 
6150... 235,000 216,000 10 40 ll 475 
8740... 240,000 220,000 12 47 15 475 
8750... 237,000 218,000 12 42 14 475 
Sarre 236,000 213,000 12 50 ll | 475 
ae 233,000 215,000 8 23 6 | 475 
OIL QUENCHED ALLOY STEELS (1-IN. BARS) 
eee 240,000 220,000 | 13 40 9 | 475 
3145..... Ye 245,000 218,000 | 8 28 5 | 475 
rr 243,000 214,000 | 9 37 8 475 
4340............] 242,000 222000 | 12 45 144 =| 475 
4640... 238,000 218,000 | ll 43 14 | 475 
8645..... 235,000 | 210,000 | 11 40 12 | 475 
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Properties of special gear steels 


TABLE 4—PROPERTIES OF MARTENSITIC STAINLESS STEEL GEAR MATERIALS 














AIS! Type » 403 410 414 416 420 43] LA0A 
Tensile Strength, psi 180,000 180,000 190,000 180,000 230,000 195,000 260,000 
Yield Strength, psi 140,000 140,000 145,000 140,000 195,000 150,000 240,000 
Elongation in 2 in., % 15 15 15 13 8 15 : 
Izod Impact Strength, ft-lb 35 35 45 20 10 45 . 
Brinell Hardness 375 375 400 375 500 40 51( 

TABLE 5—PROPERTIES OF TYPICAL ULTRA HIGH STRENGTH STEELS: tooth faces also become work 











Steel > Hy-Tuf Super Hy-Tuf Tricent 
Tensile Strength, psi 235,000 294,000 297,000 
Yield Strength, psi.. 191,000 241,000 242,000 
Elongation in 2 in., % 14 10 8 
Reduction of Area, %... 50 35 23 
Rockwell Hardness... C47 C54 
Impact Strength, ft-lb 33 (Izod) 18 (Charpy) 





al-in. dia; oil quenched and tempered at 500 F. 


TABLE 6—PROPERTIES OF TYPICAL PREHEAT TREATED BAR STEELS 











Steel > Stressproof  Fatigue- Ryax Rycrome Elastuf 
proof A-2 

Tensile Strength, psi....] 135,000 145,000 114,000 150,000 135,000 

Yield Strength, psi.... 107,000 135,000 75,000 128,000 125,000 
Elongation in 2 in., %.... 13 7 23 18 20 
Brinell Hardness. .. 285 300 225 311 285 








medium carbon alloy steels pos- 
sess an excellent combination of 
strength and toughness at room 
temperature and at lower tem- 
peratures. However, toughness can 
be substantially decreased by tem- 
per brittleness, a form of em- 
brittlement developed in some al- 
loy steels by slow cooling through 
the temperature range of 850 to 
1000 F, or by holding or temper- 
ing in this range. Because of their 
good hardenability and immunity 
to temper brittleness, molybdenum 
steels have been widely used for 
gears requiring good toughness at 
room and low temperatures. 
Special gear steels 

Leaded steels—The principal ad- 
vantage of leaded steels is that 
they reduce machining time and 
cost. These steels permit faster 
metal removal through the use of 
deeper cuts and higher cutting 
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speeds, and require less driving 
power when being machined. Also, 
burring of teeth after cutting is 
often completely eliminated or at 
least greatly minimized. 

Both the 1000 series of carbon 
steels and low alloy grades have 
been leaded with little change in 
tensile, bending and impact prop- 
erties. In general, lead causes a 
20% reduction in the fatigue 
strength of steels with a tensile 
strength of 265,000 psi, an 8% 
reduction in steels of 150,000 psi, 
and a negligible reduction in steels 
of 120,000 psi. 

High manganese steels — High 
manganese-nickel alloy steels are 
noted for their high resistance to 
heat, wear and bending stresses. 
The teeth of gears made from 13% 
manganese steel, with or without 
nickel, bend under excessive loads 
but do not usually break. The 


hardened and polished after con- 
tinuous use. 

Inasmuch as the 13% manga 
nese steel cannot be economically 
machined, the gears are usual) 
cast to shape and finished by 
grinding. An addition of 4% 
nickel enables the alloy to resist 
changes in grain structure result- 
ing from overheating. 

Boron steels—The presence of 
boron in lean alloy steels improves 
their heat 
and enables them to be used for 


treatment properties 
highly stressed gears. These steels 
have a minimum content of 
0.0005°% boron which is added as 
an intensifier to insure adequate 
hardening during quenching. Typ- 
ical of the carburizing boron steels 
are: 46B12H, 94B15 and 94B17H 
Typical through hardening types 
are: 50B46H, 81B45H and 86B45H. 

Stainless steels—Stainless steels 
of the martensitic type are princi 
pally used for gears requiring a 
high degree of corrosion resist- 
ance. As shown in Table 4, these 
materials also excellent 
mechanical properties. 

High strength - Ultra 
high strength steels with increased 
silicon and manganese content 
hold considerable promise for 
gears where maximum ductility is 
required at tensile strengths of 
230,000 psi and over. These steels 
still retain their ductility when heat 
treated to as high as 285,000 psi. 
They may be considered as modi- 


possess 


steels - 


fied 4300 series steels with or 


without other alloying elements 
such as boron, vanadium and alu- 
minum. Typical 
listed in Table 5. 

Preheat treated bar steels—A 









properties are 

















































Properties and selection of cast irons for gears 


TABLE 7—TYPICAL MECHANICAL PROPERTIES OF STANDARD GRAY IRONS 



































Modulus of Elasticity, 
Tensile Compressive Torsional 10® psi Reversed 
ASTM Strength, Strength, Shear Bending Brinell 
Class psi psi Strength, Fatigue Hardness 
+ psi Tension Torsion Limit, psi 
20 22,000 83,000 26,000 9.6-14.0 3.9-5.6 10,000 156 
25 26,000 97,000 32,000 11.5-14.8 4.6-6.0 11,500 174 
30.. 31,000 109 000 40,000 13.0-16.4 5.2-6.6 14,000 201 
35 36.500 124.000 48 500 14.5-17.2 5.8-6.9 16,000 212 
40 42,500 140,000 57,000 16.0-20.0 6.4-7.8 18,500 217 
50 52,590 164,000 73,000 18.8-22.8 7.2-8.0 21,500 228 
60 §2 500 187,500 88,500 20.4-23.5 7.8-8.5 24,500 252 
TABLE 8—RECOMMENDED OPERATING CONDITIONS FOR NICKEL CAST IRON GEARS 
Composition, % Average 
Properties Needed Brinell 
+ Hardness 
Total Carbon Nickel Silicon * Manganese Chromium Molybdenum 
| 
Moderate Strength and Wear 3.2-3.4 1.0-1.2 2.1-2.3 0.60-0.90 0.30-0.40 215 
Resistance 3 2-3.4 1.0-1.2 17-19 0.60-0.90 215 
3a-28 1.4-1.6 2.0-2.2 0.60-0.90 0.20-0.30 0.3-0.5 220 
3.2-3.4 1.4-1.6 7-1.9 0.60-0.90 0.3-0.5 220 
Excellent Wear Resistance 3.5 min 1.8-2.0 3-1.5 0.65-0.85 0.20-0.40 0.40.6 220 
3.3 min 1.8-2.0 4-1.6 0.65-0.85 0.20-0.40 0.4-0.6 235 
Good Wear Resistance and High 3.0-3.2 1.8-2.0 1.8-2.0 0.65-0.85 0.20-0.30 0.6-0.8 235 
Strength 3.0--3.2 2.0-2.2 1.4-1.6 0.70-0.90 — 0.6-0.7 235 
3.0-3.2 | 1.2-1.4 1.8-2.0 0.70-0.90 0.20-0.30 0.2-0.3 22] 
Very High Strength 2.4-2.8 1.0-1.2 2.4-2.8 0.80-1.00 0.10-0.20 1.0-1.2 300 
2.6-2.8 1.2-1.4 1.9-2.3 0.80-1.00 0.15-0.25 0.40.6 300 
aSilicon contents are for *%, and 1%4-in. sections. For lighter sections, higher silicon contents are advisable; for heavier sections, lower 
silicon contents are advisable. 
bMean of values taken over range of section thickness. 
TABLE 9—PROPERTIES OF 
AS-CAST MEEHANITE TABLE 10—PROPERTIES OF DUCTILE IRON GEAR MATERIALS 
Type »> GA GC GE Type »> 60-45-10 80-60-03 100-70-03 120-90-02 
Tensile Strength, psi. ./ 50,000 | 40,000 | 30,000 Tensile Strength, psi....} 60-80,000 | 80-100,000 100-120,000 120-150,000 
| Yield Strength, psi 45-60,000 60-75,000 70-90,000 90-125,000 
Transverse Strength, !b} 3,400 | 3,100| 2,300 Elongation in 2in., %. ... 10-25 3-10 3-10 07 
Shear Strength, psi. 1 48.000 40,000 30,000 Brinell Hardness........ 140-190 200-270 240-300 270-350 
Charpy Impact Strength 
Brinell Hardness.... 207 192| 174 (unnotched), ft-lb 60-115 15-65 35-50 25-40 

















number of proprietary bar steels 
are available for gears that can- 
not be heat treated subsequent to 
machining. These steels (see Table 
6 for properties) are used where 
distortion cannot be _ tolerated, 


where tolerances are small, or 
where grinding to close tolerances 
is impractical. They are obtainable 






in hardnesses up to 400 Brinell 
and can be machined to very close 
o.d. dimensions. 
Cast irons 

Gray and alloy irons—Cast iron 
provides three principal advan- 
tages when used as a gear mate- 
rial. These are: 1) low cost, 2) 
good damping capacity, and 3) 


good wear resistance when prop- 
erly lubricated. The material is 
used in many applications where 
strength is not too important but 
good wear resistance is required. 
In such applications the high car- 
bon irons are usually specified be- 
cause of the presence of large 
amounts of graphite, which acts 
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Eau pment Co. 





American Foundry 


Shot peening is used to relieve tensile stresses in gear surfaces and improve 


fatique resistance. 


as a lubricant and improves wear 
resistance, 

Cast iron is relatively weak and 
brittle when compared with rolled, 
forged or cast steel and has a low 
modulus of elasticity (10-20 x 10° 
psi). Because of shrinkage and 
porosity tendencies, the quality of 
cast iron gears is also dependent 
to a large degree on foundry prac- 
tice. 

Cast iron gears requiring maxi- 
mum dimensional stability should 
be specified with a stress relieving 
treatment consisting of: 1) heat- 
ing to a minimum temperature of 
900 F for 1 hr per in. of section, 
and 2) furnace cooling at a rate 
not exceeding 50 deg per hr to a 
temperature of 200 F or less. 
Where improved hardness, wear 
resistance and strength are re- 
quired, gears of simple shape and 
section can be oil quenched from 
1550-1600 F and tempered at 700 
to 1000 F. Depending on compo- 
sition and drawing temperature, 


Bronzes 


Various types of bronzes are 
used for gears. Gear bronzes are 
typed according to their major 
alloying element such as tin, sili- 
con, phosphor, lead, manganese, 
aluminum and nickel bronzes, and 
beryllium copper. Properties vary 
with the kind and amount of alloy- 
ing elements and with the type of 
heat treatment. Only the alumi- 
num bronzes and beryllium copper 
respond to heat treatment for im- 
proved mechanical properties. 

Tin bronze — Because of their 
good combination of properties, 
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hardness is approximately doubled 
and tensile strength increased by 
20 to 30% after heat treatment. 

Typical mechanical properties of 
the ordinary grades of cast iron 
are listed in Table 7. The alloy 
cast irons, such as nickel, nickel- 
chromium, nickel -chromium -mo- 
lybdenum, are usually used where 
greater strength, hardness and 
wear resistance are required. 
Compared to the ordinary gray 
irons, these materials provide a 
higher ratio of endurance limit to 
tensile strength, relatively low 
notch sensitivity, and a finer- 
grained, denser structure. 

The various grades of nickel 
cast iron gears recommended for 
specific operating conditions are 
listed in Table 8. In general, the 
plain nickel and _ nickel-molybde- 
num gray irons are most satisfac- 
tory where gears are subjected to 
impact loading. The nickel-chro- 
mium and nickel-chromium-molyb- 
denum types are best suited for 


including good hardness, strength 
and resilience, the tin bronzes are 
recommended for general purpose 
worm wheels. These materials 
have a tensile strength of about 
40,000 psi with 20% elongation. 

Since an increase in tin content 
over 10% causes a decrease in 
tensile strength, ductility and 
shock resistance, the tin content 
of gear bronzes is limited to a 
maximum of 12%. Phosphorus 
content is limited to that amount 
that will insure good fluidity. 
Phosphorus is a powerful hardener 


constant load applications reg 
ing high wear resistance. 

A type of cast iron known 
mercially as Meehanite is 
supplied for gear applications 
Typical properties of three differ- 
ent grades of this material are 
listed in Table 9. 

Corrosion resistant austenitic 
cast iron is used in many special 
applications such as pump gears 
for handling corrosive liquids. 
Typical of this grade of cast iron 
is Ni-Resist, an alloy containing 
2% chromium, 6 copper, 15 nickel, 
3 carbon, 2 silicon, 1% manganese, 
and balance iron. 

Ductile iron—Ductile iron has 
also proved quite successful as a 
gear material because of its de- 
sirable combination of properties. 
Its combination of good casting 
and machining characteristics and 
high strength provides important 
cost and strength advantages. 
Ductile iron gears respond well to 
heat treatment, are wear resist- 
ant, and are dependable power 
transmission elements. 

Typical mechanical properties of 
four types of ductile iron for 
gears are given in Table 10. Modu- 
lus of elasticity of the materials 
is about 25 x 10° psi, as compared 
to 30 x 10° for steel, and is sub- 
stantially higher than that of 
ordinary gray iron, 


in that it forms a hard load bear- 
ing constituent which, however, is 
quite brittle. 

A lead content over 0.5% lowers 
the yield point in compression and 
tends to promote pitting. Nickel 
raises the yield point in compres- 
sion and thereby helps to resist 
pitting. It also increases tensile 
and impact strength. 

Silicon bronzes—These materi- 
als are usually used for worm 
wheels that mate with case hard- 
ened worms, and are recommended 
for medium loads, medium-to-high 








eds and severe service. Their 
rage tensile strength is about 


] 


00 psi and their elongation is 
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m wheels to mate with hard- 
re ened steel worms of high hardness 
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ed under conditions of 


rvice, medium loads, and medi- 


severe 


Leaded bronzes—Leaded bronzes 


containing 78-91 copper, 9-11 lead, 


( 


0.5-1.0 zine and 0.25% phosphorus 
are recommended for worm gears 
to mate with soft steel worms 
inder low loads and low to me- 
dium speeds. These materials have 
25,000 psi 
and an elongation of 80%. 
Manganese bronzes—Manganese 


bronze with a content of 59 cop- 


a tensile strength of 


recommended for severe 
high 


iron is 
high loads and 
speeds. This bronze is highly wear 
tensile 
with a 


service, 


resistant and has a 
strength of 90,000 psi 
Brinell hardness of 120. 
These ma- 
Table 11) 
high strength and hardness with 


, J\lauminum bi OnzeS 


terials (see combine 


resistance to wear and 


Aluminum bronze gears 
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fatigue. 
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. im to high speeds. Phosphor per, 39 zinc, 1 tin, and 1% iron are particularly suited for severe 
bronzes of 86-89 copper, 9-11 tin, is recommended for spur and bevel service where long life is required. 
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SAE 62 bronze worm gear is used in large steel mill drive. 
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their high strength, they are suit- 
able for gears that are subject to 
shock and overloads. 

Aluminum bronzes and alumi- 


num-nickel bronzes are used for 


highly stressed worm wheels de- 
signed to mate with hardened 
steel worms. They are also used 
for spur and bevel gears designed 
to mate with hardened steel 
pinions under severe service and 
heavy loads. 

Aluminum bronzes with high 
aluminum content and iron addi- 
tions respond favorably to a 
strengthening heat treatment. 
Bronzes with a low aluminum con- 
tent cannot be heat treated satis- 
factorily. In general, the low- 
aluminum bronzes are satisfactory 
for slow moving gears, but are 
not recommended for worm wheels 
subject to high friction loads. 

Nickel bronzes—Nickel bronzes, 
such as the Ni-Vee bronzes with 
5% nickel, possess a number of 
properties that recommend their 
use for gears that are subject to 
heavy and irregular loading. As 
shown in Table 12, they possess 
good yield strength and toughness 
and are also quite wear resistant. 
Their superior as-cast properties 
can be elevated still further 
through simple heat treatments 
which control a_nickel-tin-copper 
precipitation reaction. 


Metal Powders 


The principal advantage of 
metal powder gears is their low 
cost, especially when they are pro- 
duced in large quantities. They 
are widely used for low speed, low 
load applications such as _ idler 
gears. In the past metal powder 
gears were not recommended for 
applications involving high stress- 
es and impact loading. However, 
the development of new powders 
and techniques has made possible 
the fabrication of low cost, high 
strength gears with as high as 
AGMA precision Class II toler- 
ances. 

Elongation and impact strength 
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Properties of gear bronzes 


TABLE 11—TYPICAL PROPERTIES OF ALUMINUM BRONZE GEARS 





| 
| re 
Elonga- | Brinell 








Alloy Condition Tensile Yield tion in |Hardness 

Strength, |Strength,! 2in., |(3000-kg 

psi psi Y% | load) ¢ 
89.5 Cu-9.5 Al-1.0 Fe Sand Cast 73,000 30,000 35 120 
Heat Treated 85,000 44 000 6 150 
88.5 Cu-10.5 Al-1.0 Fe Sand Cast 75,000 42 000 16 136 
Heat Treatei....} 88,000 46,000 14 172 
88.5 Cu-8.6 Al-2.9 Fe Sand Cast 65,000 24.000 25 116 
Hot Rolled 100,000 | 60,000 20 180 
88.5 Cu-10.2 Al-3.3 Fe Sand Cast 75,000 34,000 20 145 
Centrifugal Cast.} 82,000 37,500 18 150 
85.0 Cu-11.0 Al-3.7 Fe Heat Treated 95,000 50.000 7 215 
81.3 Cu-10.7 Al-4.0 Fe-4.0 Ni | Heat Treated 100,000 55.000 12 220 





TABLE 12—TYPICAL PROPERTIES OF NICKEL BRONZE GEAR MATERIALS 











Ni-Vee A® Ni-Vee B 
Alloy »> 
Heat 
As Cast | Tempered | Treated As Cast | Tempered 
Tensile Strength, psi 50,000 65,000 85,000 45,000 60,000 
Yield Strength, psi.... 22,000 40,000 55,000 20,000 30,000 
Elongation in 2 in., % 40 10 30 8 
Reduction of Area, % 50 26 
Brinell Hardness. .... 85 180 
1zod Impact Strength 
(unnotched), ft-lb. 85 110 





i88 Cu-5 Ni-5 Sn-2% Zn. 
87 Cu-5 Ni-5 Sn-2 Zn-1% Pb. 





of sintered gears are often limited 
by pores in the metal which act 
as stress raisers. These properties, 
however, can be improved by cold 
working (coining) followed by 
resintering, and by the use of 
molten metal infiltration or im- 
pregnation. 


Sintered steel gears can be heat 
treated by many of the same 
methods employed with wrought 
and cast gears. Quench hardening 
usually improves the properties of 
metal powder gears and may im- 
prove mechanical properties (ex- 
cept for ductility and toughness) 
to an extent that they match those 


of AISI wrought steels. 

Iron-base gears can be surface 
hardened by carburizing (see 
“Carburized Iron Powder Parts,” 
MATERIALS & METHODS, Apr 757, p 
122), cyaniding and nitriding. The 
depth of a carburized case, of 
course, depends on the carburizing 
medium, temperature and time of 
treatment. Because of the porosity 
of metal powder gears it is quite 
difficult to control the depth and 
uniformity of the case, and it is 
possible for carbon to diffuse into 
the core. Control of cyaniding is 
especially difficult and the process 
appears to be suitable only for 
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very high density gears. If por- 
osity is too high, the cyaniding 
saits may penetrate the compact 
and cause internal corrosion. 
High density gears with high 
th strengths can be obtained 
hy the cementation process, in 
which the porous steel compact is 
impregnated or infiltrated with a 
molten metal such as a copper 
alloy. These gears are virtually 
free from pores and have a ten- 


Nonmetallics 


Nonmetallic materials are se- 
lected for gears principally be- 
cause of their silence of opera- 
tion, resiliency, vibration damping 
properties and low cost in large 
quantities. 

Molded plastics 

A number of cotton and glass 
fiber-reinforced phenolic molding 
materials are used for gears. Cot- 
ton-filled phenolic gears are espe- 
cially noted for their quiet opera- 
tion, but their mechanical proper- 
ties are not as good as those of 
glass-filled gears. Glass-filled gears 
possess a number of desirable 
properties including: 1) resist- 
ance to high and low temperatures, 
2) high tensile and _ flexural 
strength, 3) high impact resist- 
ance, 4) good dimensional stabil- 
ity, and 5) good resistance to de- 
formation under load. 

Molded polystyrene materials 
are also available for gears. These 
materials have good dimensional 
stability over a wide humidity 
range. 

Nylon—One of the most popular 
plastics molding materials avail- 
able for gears is nylon. Because 
of their so-called self-lubricating 
properties, nylon gears do not re- 
quire any lubrication and require 
little or no maintenance. The gears 
also have a low coefficient of 
dynamic friction, are quiet and 
exceptionally resilient, and possess 
good tensile, flexural and impact 
Strengths. Nylon gears operate 


quite well against steel pinions, 
as well as against other nylon 










sile strength in the range of 50,- 
000 to 100,000 psi. They can be 
quenched, tempered or case hard- 
ened, and can be used at high 
stresses under heavy loads. 

By taking advantage of the 
flexibility of die designs, it is pos- 
sible to combine cams, clutches 
and driving devices with metal 
powder gears. It is also feasible 
to incorporate keyways, splines 
and flats in gear bores. A gear 


gears provided that they are not 
highly stressed or operated at 
elevated temperatures. 

Because of their compliability, 
i.e., their ability to yield under 
pressure and return to their orig- 
inal state when pressure is re- 
leased, nylon gears are able to 
absorb shock and to deform slight- 
ly under impact loads. This prop- 
erty also helps to compensate for 
any dimensional inaccuracies that 
crop up during molding. 

When used within a safe work- 
ing stress of 4500 to 4900 psi and 
below 150 F, nylon can often out- 
perform steel. The material has 
excellent service life when used 
within its strength and heat range. 
However, because of their low 
heat conductivity (1.7 Btu/sq ft/ 
hr/°F/in.), nylon gears may be 
subject to deformation and undue 
wear because they are not able to 
dissipate heat fast enough. For 
this reason it may be necessary to 
provide some means of heat dissi- 
pation. 

Some geometric corrections are 
usually required on tooth profiles 
of nylon gears to compensate for 
mold shrinkage. It is a well-known 
fact that nylon absorbs moisture. 
For this reason sufficient back lash 
should be allowed in the teeth to 
compensate for swelling under 
high humidity conditions. 

It is possible to compensate for 
swelling by immersing the mate- 
rial in water (preferably at ele- 
vated temperatures) until its 
weight increases by 214%. Since 


and pinion cluster combination is 
commonly used. Various types of 
cams can also be made part of a 
gear component. Since selective 
hardening is feasible, it is also 
possible to harden the cam surface 
and leave the gear teeth soft to 
avoid distortion. The same tech- 
niques used for the selective hard- 
ening of any low carbon steel can 
be used with sintered iron. 


gears treated in this manner have 
already been subjected to moisture 
swelling, their dimensions are less 
likely to change during actual 
operation at high humidities. 
Reinforced laminates 

In general, the properties of 
reinforced plastics laminate gears 
are the same as those of reinforced 
molded gears. Reinforced lami- 
nates are produced by impreg- 
nating a reinforcing material with 
a thermosetting resin, laminating 
the material into multiple layers, 
and curing with heat and pressure 
to form a dense, hard solid with 
good mechanical strength. 

A cotton or linen fabric (or 
occasionally paper) impregnated 
with a phenolic resin is probably 
the most popular combination of 
reinforcing material and _ resin 
used in laminated gears. Materials 
of this type possess a number of 
significant properties including: 
1) good shock resistance, 2) high 
resiliency, 3) low dynamic coeffi- 
cient of friction on hardened steel, 
4) good wear resistance, 5) good 
dimensional stability, 6) high re- 
sistance to corrosive atmospheres 
and liquids, 7) low weight and 
low moment of inertia, and 8) good 
machinability (the material can be 
sawed, sheared, punched, milled, 
hobbed, drilled and tapped). 

As a rough guide in determin- 
ing if a laminated gear will be 
strong enough for a given appli- 
cation it can be assumed that the 
material’s power transmission ca- 
pacity is approximately the same 


This text continues on p 164; gear types on next two pages 
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Type of gear may determine 





Spur gears are the most commonly used type. Essen- 
tially a spur gear is a cylinder or wheel whose surface 
contains a series of teeth parallel to each other and to 
the main cylinder axis. Spur gears have an average effi- 
ciency of 80% and are used principally to transmit power 
between parallel axes. They are most commonly used in 
industrial machines at moderate speeds and medium 
loads. These gears are not as quiet or as strong as helical 
or herringbone gears of equal size. 


Spiral bevel gears are similar to straight bevel gears 
except for their tooth shape which is curved or spiraled. 
They are superior to straight bevel gears in that loads 
are always distributed over two or more teeth at any 
given time. They are also smoother and quieter because 
the teeth mesh together progressively. Because of their 
curved teeth, spiral bevel pinions may be designed with 
fewer teeth than straight bevel pinions of comparable 
size. 


Gleason Works 





Westinghouse Electric Corp. 
Helical gears resemble spur gears in that the teeth 
are cut on a cylindrica] body, but differ from spur gears 
in that the teeth are spiraled around the body. Spiraling 
provides smooth operation and minimum noise. The teeth 
mesh progressively and drive with an even power flow. 
Helical gears are stronger than spur gears of equal size. 
Chief objection to helical gears is that the angular drive 
develops an end thrust which imposes heavy strain on the 
side of the gear receiving the thrust. 


Hypoid gears look like spiral bevel gears but differ 
in that their centerlines do not intersect. The action 
between teeth is a combination of the rolling action of 
bevel teeth and the sliding of worm gear teeth. Magni- 
tude of the sliding action depends on the amount of off- 
set. The teeth engage progressively and there are always 
two or more pairs of teeth in contact. In general, hypoid 
gears are stronger and operate more smoothly than 
spiral bevel gears. 


Gleason Works 
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service properties needed 


Gleason Works 
Herringbone gears resemble two helical gears 
placed side by side so that the teeth come together to form 
a chevron pattern. These gears operate very smoothly 
with a minimum of noise, backlash and vibration. They 
have relatively high strength because of the double angle 
tooth formation and because the load is distributed over 
the full width of the tooth. They also eliminate shocks 
and neutralize end thrust, and are used principally for 
heavy duty, high speed drives. 


Zerol gears are essentially spiral bevel gears which 
have a zero spiral angle. They are superior to straight 
bevel gears in that they run smoother and quieter due to 
the curvature and slight overlap of the teeth. Their 
principal advantage over spiral bevel gears is that, be- 
cause of their zero spiral angle, they do not develop any 
inward axial thrusts. They are replacing straight bevel 
gears in many applications because of their superior 
operating characteristics and longer life. 

Gleason Works 


Gleason Works 
Bevel gears are used for transmitting power between 
shafts at an angle (usually 90 deg). The teeth are cut 
on the angular surface of a truncated cone and may be 
straight or spiraled. So-called miter gears are essentially 
bevel gears in which both units of a pair have the same 
diameter and number of teeth. They are used to trans- 
mit power at right angles where no reduction of speed is 
required. Skew bevel gears are used to connect shafts 
which are not parallel and do not intersect. 


Worm gears are used for transmitting power between 


shafts at right angles. The teeth on the worm slide 
against the gear teeth and at the same time produce a 
rolling action. Because of this screw action, worm gear 
drives are quiet and free from vibration and pulsation. 
Worm gears are subject to high tooth pressures and con- 
siderable heating and abrasion at the point of contact. 
They are widely used in applications where large changes 
in velocity are required. 

































Bakelite Co. 
Phenolic-glass molding is specified 
for engine timing gear because of 
its high strength and impact resist- 
tance, 


National Vulcanized Fibre Co. 
Vulcanized fibre gears are tough, 
easy to machine, wear well and oper- 
ate quietly. 





Nonmetallic gears provide quiet operation 








c wf @ 


Quaker City Gear Works; Synthane Corp 


Cotton-base phenolic laminate gear (A) with structural brass plates is 
used in voice recording instrument. Canvas-base gear (B) is used in noiseless 
elevating equipment. Fabric-base gear (C) is used in electronic instruments, 
Nylon fabric laminate gear (D) is part of motion picture sound projector. 
Similar gear (E) is used for television set control. 


Process Gear Co., Ine.; Synthane Corp. 
Fabric-base phenolic laminate gear 
(left) is used as feed and take-up 
sprocket gear in motion picture pro- 
jector. Paper-base laminate gear 
(right) is used in 16-mm motion 


picture camera. 





Chicago Rawhide Co. 
Rawhide gears are specified fo 
their excellent shock resistance and 
quiet operation. 





as that of cast iron. 

In addition to the above phenolic 
laminates, vulcanized fibre is also 
used for gears. This material is 
made by laminating chemically 
gelled paper, leaching out the 
chemical and calendering. The re- 
sulting material is tough, easy to 
machine, resistant to wear and 
abrasion and makes an extremely 
quiet gear. 

Rawhide 

For many years rawhide has 
been a popular material for gears 
and pinions designed to mate with 
metallic gears in applications 
where quiet operation is required 
and where teeth must withstand 
unusual shock. To obtain a noise- 
less gear drive, it is necessary 





only to use one rawhide gear ina 
pair of gears. Because of the 
relatively high cost of rawhide it 
is usually specified for the smaller 
gear. A cast iron gear is usually 
used for the mating gear because 
of its low cost and because it will 
transmit about the same load that 
a rawhide pinion of like pitch will 
transmit. The strength of a raw- 
hide pinion is about 65% of that 
of a cast iron spur pinion of the 
same dimensions. 

The blanks from which rawhide 
gears are made are built up of 
layers of prepared steer hides, The 
laminations are coated with a spe- 
cial adhesive compound and sub- 
jected to pressure until they ad- 
here firmly. The blanks are then 


assembled with rivets and brass 
or steel flanges which serve to 
protect and support the material. 
After assembly, blanks are turned 
to size on a lathe and then milled. 


Despite their resilience and 
elasticity, rawhide gears should 
not be used in applications where 
they are subject to severe recipro- 
cating or intermittent motion. 
They should not be allowed to be- 
come wet, as water will swell the 
rawhide and destroy the bonding 
cement. The material also has a 
tendency to shrink and lose its 
shape after drying. The best lubri- 
cants for rawhide gears are hard 
grease and graphite. Mineral oils 
should not be used as they tend to 
soften the material. 








Reprints of this Manual are available at 35¢ each until supply is exhausted. See page 254 for 


complete list of available Manuals. Write for quotations on quantities of 100 or more, Address 


Reader Service Dept., MATERIALS IN DESIGN ENGINEERING, 430 Park Ave., New York 22, N. Y. 


































































British and American Standard Steels—continued 













































































































































































88 
ts, 
| 
or. it , Composition, % | | Heat Treat Temp, F | Mechanical Properties 
Designa- | | oa Co d | | uench Ruling 
tion | | | | | | F | | Medium iTen a Elong, | Brinell | Sec- 
C | Si | Mn | Ni | Cr | Mo | Other | | Carburize | Harden | Temper | - psi % vain tion 
| in. ‘ 
NICKEL-MOLYBDENUM STEELS 
; |. e—- 3 ae | nei ii ieee | =) ao a0 ae in 
En 34 10.14-0.20| — [03-06 11.5-2.0 | — |0.2-0.3 _ HT......|1620-1710 |1400-1440 ‘Oil 100 min |18min | — | — 
SAE 4617}0.15-0.20 | — |0.45-0.65 |1.65-2.0 | — (02-03 HR eae - 3 6276s | — 
| | | | cD i o— | = | - |108 |4 jaz | — 
| | HT 11700 — | 300 Oil 140 = |20 200 | — 
_— | ——- |__| ____]—____|_--___| |—---——|-—— |---| | |__| —_|- 
En 35A }0.20-0.25 | 0.2-0.6— |15-20 | — 02-03 | IHT......|1620-1710 |1400-1440 — oil 123 min |15 min - |l% 
SAE 4620}0.17-0.22 . ibs 165-20 | — 02-03 | — HT......|1700 — 30 Oil 52 {18 320 |1% 
— ————— | —__ mains |__| | —__— | ———|———- ae SS ae ee Se 
En 160 10.35-0.45 0.3-0.6 |1.5-2.0 ae '0.2-0.35 | » Bis: | —  |1525-1580 |1020-1220 |oil 100-134 |17-20 |200-320 |1%-6 
SAE 464010.38-0.43 | — |06-08 [1.65-2.0 | | o.2-03- | —  |HT......) — {1525 1020 Oil 148 (16 300 — 
NICKEL-CHROMIUM-MOLYBDENUM STEELS 
= 7 a | a i | .c..:tC“‘SECO 72 | | | 4 
no. En 361 0.13-0.17 — 07-10 [0.4-0.7 |0.55-0.8 |0.08-0.15 | — HT {1620-1710 | — | 300 Oil |100 min |18 210 — 
or SAE 8615}0.13-0.18 0.7-0.9 |0.4-0.7 |0.4-0.6 —[0.15-0.25 HT .|1620-1710 - | 300 Oil 1118/18 240 - 
- SAE 9415}0.13-0.18 | 08-11 [02-05 |0.2-0.4  |0.08-0.15 HT va - 340 loit 1125 {16 20 | — 
En 362 0.18-0.23 '0.7-1.1  |0.4-0.7 |0.55-0.8 |0.08-0.15 | IHT... .. .|1620-1710 : 300 Oil [123 min |15 20 | — 
SAE 8620}0.18-0.23 - 107-09 |0.4-0.7 [04-06 (0.15-0.25; —  |HT 11620-1710 | — | 300 Oil 1145 {16 300 -- 
SAE 942010.18-0.23 | — [0.8-1.1  |0.2-0.5 [0.2-0.4 [0.08-0.15 | HT ..|1700 } — 300 Oil 155 {13 320 = 
= —- - —|———— | | |__| |] |__| —___|_____-| 
En 363 |0.22-0.26 | 10.7-1.0 |0.4-0.7 |0.55-0.8 /0.08-0.15 |HT 11620-1710 | — | 300 Oil 145 min |10 300 — 
SAE 942210.22-0.25 | (0.8-1.1 |0.2-0.5 |0.2-0.4 |0.08-0.15 | HT 1700 — | 300 Oil 164 10 330 = 
" En 325 0.2 max | 10.45-0.65 |1.5-2.0 |0.4-0.6 |0.2-03 — —_|uT......}1620-1710 |} — | 300 Oil 123 min|15 | 250 — 
SS SAE 4317]0.15-0.20 10.45-0.65 |1.65-2.0 |0.4-0.6 0.2-03 | -  |HT......11700 } — 300 Oil 166 {13 340 = 
to oo See —|———_ |__| | —|————|——__ | - ——_—|—_—_—_ 
En 1004 }0.35-0.45 | 11.2-1.5  |0.5-1.0 l0.3-0.6 [0.15-0.25; — |nT......) — — {1560 '1020-1220 {Oil 100- |16-22 |200-340 |1-4 
° | 145 min 
.d SAE 944210.4 -0.45 1.0-1.3 [03-06 [03-05 |0.08-015) —  |HT...... | — {1525 1000-1200 Oil 108-152 |13-20 |220-310| — 
d. En 110 10.35-0.45 — 04-08 [12-16 [09-14 |0.1-0.2 — oe — 1525-1580 |1220 max Oil 112-157 |15-20 |220-370 |1%4-6 
En 24 = 10.35-0.45 | — (0.45-0.7 [13-18 [09-14 |0.2-0.35 — aa éan —  |1510-1560 |1220 max |Oil 112-224} 8-20 |220-440 |1%4-6 
id SAE 4340}0.38-0.43 — |06-08 /|1.65-2.0 |0.7-09  |0.2-0.3 — | — |1545 1220 max {Oil 134-213 |12-20 |270-430|} — 
Id En 25 10.27-0.35 | — 05-07 (23-28 05-08 |0.4-0.7 — BPs teas -—  |1510-1560 |1220 max [Oil 123-224 |10-18 |250-440 |24-6 
re ———— }--__|—__ _ —_—— — 
: En 26 © 10.36-0.44 | — 05-07 |2.3-28 [05-08 (0.4-0.7 — HT......] — {1510-1560 |1220 max |Oil 134-224 |10-17 270-444 |4-6 
n. En 36© 0.12-0.18 | — 03-06 |3.0-3.75 |0.6-1.0 | 0.1-0.25 — HT... ...|1620-1710 — 300 Oil 145 min |13 min |300min| — 
SAE 9315}0.13-0.18 | —  |0.45-0.65 |3.0-35 [1.0-1.4 —|0.08-0.15 _ HT....../1700 — 300 Oil 214 s|15 430 = 
e- =e — 
- En 27 10.25-0.35 | — 0.7 max |3.0-3.75 |0.5-1.3 02-065 | — Alert — _|1510-1560 |1020-1220 /oil 123-157 |15-18 |250-375 |4-6 
7 En 28 = 10.25-0.40 | — 0.7 max |3.0-4.5 |0.75-1.5 |0.2-0.65 — HT......; — {1510-1560 | 930-1110 |Oi! 134-179 | 7-14  |270-415 |2%-6 
a En 39B 10.12-0.18 | — |OSmax |3.8-4.5 |1.0-1.4  /0.15-0.35 - er 1620-1710 |1400-1440 | 390 max {Oil 140 min |12 min |390min| — 
s P , 
En 30B 40.26-0.34 | — 104-06 |3.9-43 [11-14 |0.2-0.4 = HT......| —  |1490-1525 | 480 max |Airoroil —_ |224min|10 min |444 min |6 
l- 
‘d * See last month’s issue (Oct ’57), p 171 ff, for first four pages and all footnotes. Complied 
Is by W. B. Kemmish, Consulting Metallurgist with Dr. R. Genders, London, England. 
. 
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(continued on p 169) 
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TUBING REQUIREMENTS 





The economy and usefulness of pressure tubing in heat 
exchanger and condenser applications depend on the 
tubing’s heat transfer ability and the ease with which it 
can be bent, coiled, swaged, and rolled into tube sheets. 


Because of its uniform wall thickness, the heat transfer 
ability of B&W Electric-Resistance-Welded Carbon Steel 
Tubing is the optimum for such a ferrous material. It is an 
economical material to use, not only because of its reason- 
able first cost, but also because of its low fabrication cost, 
since ease of bending, coiling, swaging, and rolling into 
tube sheets is provided through quality-controlled meth- 
ods used in its manufacture. 

B&W Electric-Resistance-Welded Carbon Steel Heat 
Exchanger and Condenser Tubing is widely used in the 
process industries, including petroleum refining and 
chemical processing, and in refrigeration and steam 
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TWO GOOD WAYS TO ADD ADDITIONAL 
HEAT TRANSFER SURFACE AREA TO 
B&W CARBON STEEL ERW TUBES 








(A) 
(B) 


Longitudinal Channels Welded On 


Continuous Helical Fin Wound 
Around Tube and 
Welded On 


FOR HEAT TRANSFER EQUIPMENT 


generating equipment. If carbon steel tubing can do 
the job required, you will find B&W ERW Tubing 
provides maximum, trouble-free service life. For addi- 
tional information, call on Mr. Tubes, your nearby B&W 
Tube Representative — or write for Bulletin 412. The 
Babcock & Wilcox Company, Tubular Products Division, 
Beaver Falls, Pa. 





















TA 6099 PG-2 


Seamless and welded tubular products, seamless welding fittings and forged steel flanges—in carbon, alloy, and stainless steels 


For more information, turn to Reader Service card, circle No. 386 
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British and American Standard Steels—continued 











Heat Treat Temp, F 
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Mechanical Properties 

































































































































































Designa- | | | cond Quench (Ruling 
tion Medium ten str) Elong, | Brinell| Sec- 
C | Si | Mn | Ni | Cr | Mo | Other | | Carburize | Harden | Temper 1000 psi Y% |Hardness 
} in. 
MANGANESE-NICKEL-CHROMIUM STEELS 
$$$ — l l | = 
En 351 [0.20 max _— sia 0.6-1.0 (0.4-0.8 {0.10 max _ _ eee 1620-1710 |1450-1510 — ‘Oil |100 min |18 min — - 
En 352 40.20 max _ 0.5-1.0  |0.85-1.25 |0.6-1.0 {0.10 max —_ i Se 1620-1710 {1450-1510 | — |Oil )123 min |15 min - 
En 353 [0.20 max _— 0.5-1.0 1.0-1.5 0.75-1.25 |0.08-0.15 — |HT ...|1620-1710 |1450-1510 - jOil )145 min 12 min * a 
En 354 0.20 max —_ 0.5-1.0 1.5-2.0 |0.75-1.25 |0.1-0.2 _ jHT. .....-|1620-1710 |1450-1510 — Oil }168 min 12 a. = 
En 355 (0.20max | — (0.4-0.7 [18-22 [14-17 — |0.15-0.25 — |r. {1620-1710 {1450-1510 | — joi (40min 12min | — | — 
CHROMIUM STEELS 
- silo . — : : - - 
En 206 }0.12-0.17 — (|0.3-0.5 — /|0.3-0.5 _- _ _ are 1620-1710 |1400-1435 |Water 85 \24 180 
En 207 0.16-0.21 — 0.6-0.8 _ 0.6-0.8 — _ _, pee 1620-1710 {1400-1435 — | Water 110 21 240 _— 
SAE 5120]0.17-0.22 — |0.7-0.9 — |0.7-0.9 — — _ Serer 1700 1420 - Water 110 21 240 — 
En 18 10.35-0.45 — {|0.6-0.95 —  |0.85-1.15 — _ eer — 1560-1620 |1020-1290 |Water or oil |100-123 |18-22 {200-300 |1%-4 
SAE 1540/0.38-0.43 —  |0.7-0.9 — |0.7-0.9 _ _ are — _ ~ — 114 20 223 - 
See _ 1550 1200 max {Oil 108-174 |13-22 |220-360 |1-4 
En 11 0.5 -0.7 — 0.5-0.8 _ 0.5-0.8 — _— __ ae? — 1470-1560 | 930-1290 |Oil 123-145 |12-15 {250-340 |2% 
SAE 516010.55-0.65 | —  |0.75-1.0 —  |0.7-09 - — _|xT 11540 1110 max _|Oil 1168 (18 [340 
CHROMIUM-MOLYBDENUM STEELS 
En i$ 0.35-0.45 — {0.5-0.8 _ os. 5 |0.2-0.4 — _ Ferree —  |1560-1600 1020-1320 |Water or oil hoo-157 115-22 201-375 |1%-9 
SAE 4140}0.38-0.43 —  |0.75-1.0 — |0.8-1.1 0.15-0.25 — ___ Sere _ — — — 134 20 269 — 
| ccs - ose — | — __ |100-114/15-25 210-240) — 
ee — 1545 |1000 ‘Oil 1186 =| 11 |380 — 
| HT — |1545 | 800 oil 215 |10. jaa - 
En 20 0.22-0.5 _ 0.4-0.7 0.3 ma 0.5-1.5 |0.4-1.0 — HT — 1560-1650 11020-1320 \Water or oil |123 min ]17 min |241-331 2% 
En 28 = 0.45-0.35 — 0.65 max [0.4 max |2.5-3.5  /0.3-0.7 _ HT — 1630-1670 |1390 max Oil orair |224min|10 min |444 min |2% 
(see also 
En 40) oe eee reas i 7 = | | _ 
SPRING STEELS 
En 434 = 10.45-0.60 |0.10-0.40 |0.6-0.8 _ _ _ -- — = -- a Water — — _ - 
SAE 1050}0.48-0.55 |0.10-0.30 |0.6-0.9 — = -- — -- “= _ _ Water — _ _ _ 
En 44 = 10.90-1.20 |0.30 max |0.45-0.7 — — _ -- ~ “= - — Oil — _ — _ 
SAE 1090}0.85-0.98 |0.10-0.30 |0.6-0.9 — — - _ — — — — Oil — — _ - 
En 45 0.5-0.6 /1.50-2.00 /0.7-1.00 _ ~ _ ao _ _ _ — Oil _- — — — 
SAE 9255]0.5-0.6 | 1.80-2.20 |0.7-0.95 — _— “= — _ —~ — Oil — — — — 
En 45A 10.55-0.65 |1.70-2.00 |0.7-1.00 _ —- _ - _ _ _ Oil _— _ — _ 
) SAE 9260}0.55-0.65 |1.80-2.20 |0.7-1.00 _ _- _ — - _ — _ Oil — _ _ _ 
En4s [0.354045 [15-20 07-100 | 9 — a a ~ fs oo o —  |Water ~fuwinva|a~ 
En 48 = 10.45-0.55 |0.1-0.5 |0.5-0.8 — {10-14 _ — - — _ - Oil _ _— _ _ 
SAE 5152]0.48-0.55 |0.1-0.3 |0.7-0.9 — |0.9-1.2 _- _ — _ _— — Oil _ _ _ _ 
En 47 =0.45-0.55 |0.5 max /0.5-0.8 0.8-1.2 — |0.15 minV —- _— _ _ Oil _— _ _ - 
SAE 6150]0.48-0.53 |0.1-0.3  |0.7-0.9 0.8-1.1 — |0.15 minV _ — _— _ Oil _— _ _ _ 
En 50 10.40-0.50 0.1-0.35 |0.5-0.7 1.0-1.5 — {0.15 minV — _ — _ Oil _ — _ _ 
SAE 6145}0.43-0.48 |0.1-0.3  [0.7-0.9 — |0.8-1.1 — (|0.15 minV _ _— — _ Oil —_ _ — — 
En 48A 10.5-0.6 |1.35-1.65 |0.6-0.9 —  |0.55-0.85 _ - — _ _ — Oil — — _ _ 
SAE 9262}0.55-0.65 |1.8-2.2 |0.75-1.00 —  |0.25-0.40 — os = = = -- Oil — — — — 
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Feutron Felts 


Withstand High Temperatures...Corrosive Conditions: 





These are the toughest Felts you’ve ever seen! 


FEUTRON Synthetic Felts possess the same chemical 
and heat-resistant properties as the fibers they are made 
from . . . Nylon, Orlon, Acrilan, Arnel, Dacron, Dynel, 
Vinyon . . . all the newest synthetics! 


Now you can completely overcome acid, alkali, solvent 
and other chemical environments . . . and temperatures up 
to 300°F ...with the right FEUTRON Felt. These 
mechanically-interlocked synthetics resist corrosion. You 
can wash and re-use them. And, being fibrous, they give 
you better flow-rates. 


A wide selection of FEUTRON styles and sizes . . . and 
precision-cut parts . . . are available. Mention the applica- 
tion in which you are interested . . . on your company 
letterhead, please . . . and we will send appropriate data 
sheet, complete with samples. And remember . . . quality 


Formerly Materials & Methods 










Engineering Advantages 
FEUTRON FELT 


¢ Exceptional chemical resistance with 
thermal stability to 300°F in dry con- 
dition. 

® Non-hygroscopic and biologically 
stable. 

e Produces a smooth, fibre-free surface 
in finished product. 

e Three dimensional strength—or good 
draping and tailoring properties. 

¢ Uniform weight and thickness. 

* Good resin pickup (wettability) due 
to large fibre-surface. 

* Good resin-to-fibre adhesion. 

* High strength and elongation proper- 
ties which may eliminate the need for 
pre-forming in deep draw applica- 
tions, and prevent tearing in vari- 
shaped molded applications. 

¢ Excellent dielectrical properties. 


For FEUTRON Technical Bulletin write to: 
AMERICAN FELT COMPANY 
General Offices and Engineering 
and Research Laboratories 
24 Glenville Road 
Glenville, Connecticut 

























For more information, turn to Reader Service card, circle No. 512 
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British and American Standard 


Steels—concluded 















Composition, % Heat Treatment, F Mechanical Properties 
ian coeeee | | Ten Str,| giong, | Brinell IRuling. 
C Si Mn Ni Cr Mo Other Austenitize Cool Temper 100 % | Hard- Section 
psi | ness ! in. 








| 
En 56A 0.12 max (1.0 max 1.0 max 1.0 max 12.0-14.0 1740-1870 (Oil or air 1380 max | 80 min |25 min |150-200 (6 
BS1501-€13 {0.08 max (1.0 max 1.0 max 1.0 max 12.0-14.0 : - af — | - 
AISI 405 0.08 max {1.0 max 1.0 max 1.0 max 11.5-14.5 Al 0.1-0.3 — | 75-85 |20-30 |185 | — 
En 56B 0.12-0.18 |1.0max |1.0max {1.0 max |12.0-140 — 1740-1870 |Oil or air /1380 max |100 min |20 min |200-250 |6 
En 56C 0.18-0.25 {1.0 max 1.0 max 1.0 max 12.0-14.0 |1740-1870 Oil or air 1380 max {112 min |16 min |225-280 (4 
} En 56D 0.25-0.35 (1.0 max 1.0 max 1.0 max 12.0-14.0 — |1740-1870 |Oil or air 11380 max |168 min | 8 min |340 min 1% 
En 56AM 0.12 max {1.0 max 1.5 max 1.0 max 12.0-14.) {0.6 max |0.75S, 0.6 Se, 0.6 | 
Zr, 0.35 Pbe 1740-1870 |Oi! or air 1380 max 80 min |20 min {150-200 (6 
AIS} 416Se |0.15 max {1.0 max 1.25 max 12.0-14.0 |0.6 max 0.15 min Se 1800 Oil or air 600 180 113 375 l 
En 56BM 0.12-0.18 (1.0 max 1.5 max 1.0 max 12.0-14.0 (0.6 max Same as En 56 AM/1740-1870 |Oil or air 1380 max |100 min {15 min |200-250 (|6 
En 560M 0.18-0.25  |1.0 max 1.5 max 1.0 max 12.0-14.0 (0.6 max |Same as En 56 AM/1740-1870 |Oi! or air 1380 max {112 min |12 min |225-280 {4 
En 56D M 0.25-0.35 (1.0 max 1.5 max 1.0 max 12.0-14.0 (0.6 max Same as En 56 AM/1740-1870 |Oil or air 1380 max {112 min |12 min |225-280 (4 
AISI 420F 0.15-0.45 {1.0 max 1.0 max |12.0-14.0 0.18-0.35 Se - - 95 120 195 ie 
En 57 0.25 max (0.1-1.0 11.0 max 1.0-3.0 |15.5-20.0 1740-1870 | Oil or air 1020-1200 |123 min |15 min |250 min 16 
AISI 431 0.20 max /1.0 max |1.0 max /|1,25-2.5 |15.0-17.0 - 1800 Oil 1100 125 20 260 —_ 
En 58A! 0.16 max {0.2 min 2.0 max  |7.0-10.0 117.0-20.0 _ 1740-2100 (Air, oil or water 80 min |30 min |150 16 
AISI 301 0.15 max /|1.0 max 2.0 max |6.9-8.0 116.0-18.0 | 1900 Air, oil or water a 85 50 150 ~ 
AISi 302 0.15 max |1.0 max |2.0max |8.0-10.0 |17.0-19.0 | 1900 Air, oil or water 85 50 150 | 
| | aa ! = _ = eS a mn . : a = — 
En 58Bi 0.15 max {0.2 min 2.0 max 7.0-10.0 17.0-20.0 ITi>4xC |1740-2100 |Air, oil or water 80 min |30 min |150 '6 
En 58C 0.15 max (0.2 min 2.0 max  |9.0-12.0 17.0-20.0 | \Ti>4xC (1740-2100 |Air, oil or water 80 min |30 min |150 6 
AISI 81 321 0.08 max [1.0 max 2.0 max |9.0-12.0 17.0-19.0 | Ti>5xC 1/1900 |Air, oil or water _ 85 |50 |150 = 
————|— $$ |__| —_|___ | | ——— |__| —__|__|___ 
En 58E 0.08 max {0.2 min 2.0 max |8.0-11.0  |17.5-20.0 — — /1740-2100 \Air, oil or water! “ 80 min {30 min |150 6 
AISI 304 0.08 max (1.0 max |2.0max  (|8.0-12.0  |18.0-20.0 — — |1900 om oil or water _ | 85 150 150 | — 
— —— _~— — — — —_— —_— oe — a a | ee — | —_ — —_ - | eit eaten tm - — — | —_ o | —_— —_— — — 
En soft = |0.15max |0.2min |2.0max |7.0-10.0 |17.0-20.0 | —  |cb>axc 11740-2100 |Air, oil or water) — | 80 min |30 min |150 6 
En 58G 0.15 max (0.2 min = |2.0 max '9.0-12.0 |17.0-20.0 | _ \Cb>8xC /1740-2100 |Air, oil or water| - 80 min |30 min |150 6 
BS1501-821B ]0.10 max |0.2-1.0 2.0 max =‘ |8.0-12.0 17.0-19.0 - Cb>10xC, 1.2 max} 1740-2100 |Air, oi! or water! — | 80 min |30 min 1150 = 
AISI 347 0.08 max {1.0 max 2.0 max 9.0-13.0 17.0-19.0 | = Cb+Ta, 10xC 11900 |Air, oil or water) — | 90 50 160 — 
En 58H 0.12 max |0.2min |2.0max |8.0-12.0  |17.0-20.0 |1.5-2.5  |TiorCb opt —_|1740-2100 |Air, oil or water! 80 min |30 min |150 6 
En 58) 0.12 max (0.2min (2.0 max /8.0-12.0 (17.0-20.0 (2.5-3.5 Ti or Cb opt 1740-2100 |Air, oil or water} | 80 min |30 min |150 6 
BS1501-845B ]0.08 max /0.2-1.0 2.0 max 10.0 min (|16.0-18.0 |7.5-3.0 — 1740-2100 |Air, oil or water — | 80 min (30 min |150 oa 
AISI 316 0.08 max {1.0 max 2.0 max 10.0-14.0 {16.0-18.0 (2.0-3.0 — 1950 ‘Air, oil or water’ — | 80 |50 150 _ 
AISI 317 0.08 max {1.0 max {2.0 max 11.0-15.0 {18.0-20.0 |3.0-4.0 - 2000 \Air, oil or water| — | 85 \50 165 _ 
) En S80) 0.16 max [02min |2.0max |11.0-140 110-140 | — - - - | = {| - -|- - 
En 60 0.12 max {1.0 max 1.0 max 0.5 max 16.0-18.0 = = 1290-1440 |Air _ _ | = a - 
AISI 430 0.12 max {1.0 max 1.0 max — 14.0-18.0 — - 1400-1525 |Air or water | - | 75 '30 150 
En 61 0.12 max |1.0max |1.0max 0.5 max |20.0-22.0 ame - 1290-1440 | Air _ a? | — _ _ 
AISI 442 9.20 max |1.0 max {1.0 max — 18.0-23.0 -- — 1400-1525 \Air or water | | 75 |30 














CORROSION AND HEAT RESISTING STEELS 
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Returnsttf?1t 
drop sharply 
when heels f 
are made ol f 


Tenite plastics 1 


Heels molded of Tenite Acetate or Tenite Bu- products in many different fields. For infor- 
tyrate have exceptional toughness and a mation on these versatile materials, write 
strength far exceeding that of heels made of EASTMAN CHEMICAL PRODUCTS, INC., sub- 
wood. One manufacturer reports he has not sidiary of Eastman Kodak Company, KINGS- 
received a single breakage return from 250,- PORT, TENNESSEE. 

000 pairs of shoes shipped during the seven 


months he’s been using heels of Tenite plastic. 
The superior toughness of the Tenite plas- 
tics virtually eliminates breakage during 


manufacturing, wear, or lift replacement. 
Moreover, these plastics facilitate an excel- ACETATE > BUTYRATE 
lent finish. Heels can be used “as molded,” 
sprayed with lacquer, metallized, or covered 
with plastic, leather or fabric. Lacquers and 
adhesives that work very satisfactorily with 
the Tenite materials are readily available. 
Tenite plastics improve the performance of 1932—EASTMAN’S 25TH YEAR IN PLASTICS—1957 
Information regarding Tenite also can be obtained from local representatives listed under ‘’Plastics—Tenite”’ in 
the classified telephone directories of these cities: Atlanta, Chicago, Cleveland, Dayton, Detroit, Houston, Kansas 


City, Leominster (Mass.), Los Angeles, New York City, Portland (Ore.), Rochester (N.Y.), St. Louis, San Francisco, 
Seattle and Toronto—elsewhere throughout the world, from Eastman Kodak Company affiliates and distributors. 


Sr — owe SERS CEES N TT seuecavsialsaien 








plastics by Eastman 


For more information, turn to Reader Service card, circle No. 485 
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Extensive future use of PH 15-7 Mo is forecast in artist’s conception of 


future plane. 


High Strength Stainless Alloy 
Has Heat Resistance for Mach 4 


@ An alloy that can withstand the 
high temperatures and _ stresses 
encountered at supersonic flight 
has been developed by Armco 
Steel Corp., Middletown, Ohio. The 
new metal, a precipitation harden- 
ing stainless steel designated PH 
15-7 Mo, is claimed to be capable 
of being heat treated to strengths 
as high as 260,000 psi and to with- 
stand the 1000 F heat created by 
air friction at 2700 mph. 
Advantages 

In addition to heat resistance 
and strength, the new stainless 
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steel has several other outstand- 
ing features: 

1. It is claimed to be the most 
easily fabricated high strength 
steel available for aircraft and 
missiles today and, because it can 
be easily brazed, it is potentially 
valuable for use in honeycomb 
sandwich construction. 

2. It is claimed to be the only 
high strength, elevated tempera- 
ture metal available commercially 
in the form of bars, billets, forg- 
ings, wire, sheet, strip, plate and 
foil. In addition, it can be made 





within thickness and flatness 
tolerances that are closer thay 
normal. 

3. It is said to cost only o 
tenth as much as high strength 
titanium alloys. 

Composition 

The high strength properties of 
PH 15-7 Mo result from a strong 
precipitation hardening reaction 
which is fostered by the presence 
of about 1.2% aluminum (see 
Table 1). Additions of about 2.5% 
molybdenum insure retention of 
these properties even at tempera- 
tures as high as 1000 F. Although 
martensitic steels usually rely 
upon carbon for their high 
strength, the carbon in PH 15-7 
Mo is controlled at low levels (be- 
low 0.09%) to permit welding 
without the preheating or post 
annealing treatments usually nec- 
essary to minimize cracking. 

The new steel has a predomi- 
nately austenitic grain structure 
in the soft annealed condition. As 
a result, it is claimed to be one of 
the easiest to cold form of all the 
high strength materials. Futher- 
more, the steel differs from ordi- 
nary high strength steels in that 
it does not temper nor deteriorate 
in room temperature strength as 
a result of exposure for long 
periods of time in the range of 
400 to 800 F. In fact, a slight 
increase in room_ temperature 
strength has been measured after 
the precipitation hardened steel 
has been stressed above operating 
limit stresses for 1000 hr at 800 F. 


Hardening 

Procedures used for hardening 
this steel may vary. When severe 
cold forming is necessary, an- 
nealed sheet is used. If only mild 
forming operations are required, 
hard cold rolled sheet and strip 
may be used to provide exception- 
ally high strength with a simple 
900 F heat treatment. In either 
case, a partially hardened or 
transformed state must exist be- 
fore the precipitation hardening 
treatment is applied. The sequence 
of operations in fabricating and 
heat treating PH 15-7 Mo sheet 
and strip is shown in Table 2, 
along with typical room tempera- 
ture properties for each condition. 
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Compressive Yield Stre 
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Fig 1—Ratio of compressive 
yield strength to weight of PH 


15-7 Mo compared with four 
other materials, 


TABLE 1— 
COMPOSITION OF PH 15-7 MO (“) 


Tensile Strength, psi 


Comparative properties of PH 15-7 Mo stainless alloy 
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Fig 2—Ratio of tensile strength Fig 3 — Tensile stress - strain - time 
to weight of PH 15-7 Mo com-_ curves for typical PH 15-7 Mo sheets. 


pared with four other materials. 


TABLE 2—TYPICAL ROOM TEMPERATURE PROPERTIES OF PH 15-7 MO SHEETS 


DURING FABRICATING AND HARDENING 





SE Cu... « <sadavuae bvasek onduea vee 15 
RRs Fis J < da kak ta uaa en eer shee kak 7 
Aluminum....... ie dhietate ea 1.2 
Ds <5: daenddcsanssenawesesoaen 2.5 
a ia i FeC te ctieearcxxeace 0.09 max 





Since strength and ductility are 
influenced by the extent of the 
transformation of austenite to 
martensite and by the times and 
temperatures used for precipita- 
tion hardening, these properties 
may vary. If cold work alone is 
used to transform the austenite to 
martensite, strength will vary 
directly with the amount of cold 
work. If heat treatment is used 
to affect the transformation, the 
degree of carbide precipitation 
and the level of temperature to 
which the steel is cooled are the 
controlling variables. Optimum 
strengths are achieved by precipi- 
tation hardening at 950-1000 F 
for short times. For higher duc- 
tility, higher precipitation harden- 
ing temperatures are recom- 
mended. Guaranteed properties 
are given in Table 3 
Properties 

Compressive yield strength— 
The ability of parts to be loaded 
in compression and still retain 
their original shape when un- 
loaded is one of the most impor- 
tant design criteria for airframe 











Property Condition A | Condition C 
- (annealed sheet) (hard rolled 
sheet) 

Tensile Strength 1000 psi................... 130 220 
Yield Strength (0.2% offset), 1000 psi........ 55 190 
TTL i's <4) sedcehetekthsk case cs 30 5 

Heat Treatment After 

Forming® Mild Forming 











Condition T | Condition R-100 | Transformed by 


Heat 1% hr at | | Heat 10 min at | cold work 
1400 F, cool 1 | 1750 F, cool in | | 
hr, hold % hr | air, refrigerate 8 
min at 60 F | hr at —100 F 
Tensile Strength, 1000 psi 145 | 180 | 
Yield Strength (0.2% offset), 1000 psi 95 | 125 | 
Elongation, %....... - ] Y y 





Precipitation Hardening® 





Condition TH1050| Condition RH950) 


Condition CH900 











Heat 1% hr at | Heat 1 hr at 950 | Heat 1 hr at 900 
1050 F, air cool | F, air cool F, air cool 
Tensile Strength, 1000 psi. . uth 210 | 240 265 
Yield Strength a 2% ofse), 1000 psi. 200 | 215 260 
Elongation, %.. Pebe 7 6 2 





aMaximum expansion of 0.5% occurs with the change in phase. 
bContraction of about 0.04% results during precipitation hardening. 


TABLE 3—GUARANTEED ROOM TEMPERATURE PROPERTIES OF PH 15-7 MO 

















Condition > A TH1050 RH950 
I PIL, «canna a iendiac es Shan sed eases hed 150 max 190 max 225 max 
Yid Str (0.2% offset), 1000 psi ......................0088 65 max 170 max 200 max 
gy | RS Ae eee 25 min 5 min 4 min® 





aFor 0.020-in. thickness and thicker. 
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Built-in RIEHLE recorder... 


allows command post testin 


See how the new recorder is built right into the Here is true convenience, because the Riehle 

Riehle indicating unit at a convenient location. recorder is expressly designed to function ©, 

That’s why the operator can observe everything as an integral part of the Riehle testing | 

from one spot while a test is in progress. Without machine. And a complete variety of / Lecce py ; 
changing his position, he can watch the stress- Riehle strain follower instruments as ' 


strain curve ... the load indicating dial .. . the well as special instrumentation for / 
strain and load rate indicators . . . and the test elevated temperature testing can be 
specimen. That’s command-post testing! accommodated. 


For more information, turn to Reader Service card, circle No. 453 
Free Bulletin... Mail Coupon 
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RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 


Dept. MD-1157, East Moline, Illinois 


Please send your big new Bulletin with full data on the: Riehle \ 
RD-5 Recorder and special instrumentation. 
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parts. As shown in Fig 1, a sharp 
drop in strength occurs at about 
250 F for the best aluminum alloy. 
And although 17-7PH and C110 M 

-the currently used steel and ti- 
tanium alloys—approach the good 
performance of aluminum at ordi- 
nary temperatures, only the new 
PH 15-7 Mo steel or the 6AIl-4V 


titanium alloy displays good per- 
formance at elevated tempera- 
tures, 

Tensile strength—A comparison 
of short time tensile strengths of 
materials on a “weight for weight” 
basis is given in Fig 2. On this 
basis, the inadequacy of the 
strongest commercial aluminum 
alloy for high temperature service 
is apparent. The C110 M titanium 
alloy, currently the most readily 
available of the titanium alloys, is 
comparable to the 17-7 PH steel. 
However, at temperatures above 
500 F, the tensile strength-weight 
ratios of PH 15-7 Mo steel are 





found to bracket those of the heat 
treated 6AI1-4V titanium alloy. 

Creep behavior — The total 
strains measured for PH 15-7 Mo 
sheets under varying conditions 
of tensile stress for periods rang- 
ing from 2 min to 1000 hr at 
600-900 F are shown in Fig 83. 
As shown, the new steel is quite 
resistant to deformation under 
both short and long time load- 
ing. Measurement of the tensile 
stresses required to produce 0.2% 
permanent deformation in 1000 hr 
at 800 F show that PH 15-7 Mo 
is three times as strong under 
these conditions as the currently 
used 17-7PH. 





Rubber-Like Adhesive Joins 
Polyethyiene to Rubber, Brass 


® Polyethylene can now be joined 
directly to brass and brass plated 
metals and to natural and some 
synthetic rubbers with a new ad- 
hesive that is made of a synthetic 
material known as “partly hydro- 
genated polybutadiene.” The ad- 
hesive, developed at Bell Labora- 
tories, may also be used with 
plastics that are related to poly- 
ethylene. 

With the adhesive it is possible 
to achieve peel strengths up to 100 
lb per in. and tensile strengths 
of 1000 psi. These values are said 
to be considerably higher than 
values achieved with presently 
available adhesives. 

Rubbers that can be joined di- 
rectly to polyethylene include 
natural rubber, neoprene and 
butadiene-styrene synthetic rub- 
bers. The new process requires 
only the adhesive to join rubber 
and polyethylene together. Previ- 
ously, it was necessary to use four 
intermediate layers of polyethy- 
lene and natural rubber mixes. 
Applications 

The adhesive is recommended 
for bonding polyethylene linings 
and coatings to tanks and plating 






racks, and for bonding polyethy- 
lene insulation to electrical con- 
ductors. According to Bell Lab- 
oratories, the process will protect 
metals from corrosion, since the 
polyethylene can be fixed directly 
on the metal without the use of 
intermediate materials other than 
the adhesive. 


How it works 

It is believed that the bonding 
agent adheres to polyethylene be- 
cause of its similar chemical struc- 
ture and thermoplastic properties. 
The hydrogenated polybutadiene 
used to make the adhesive is 
known commercially as Hydropol 
and is manufactured by the Phil- 
lips Petroleum Co., Bartlesville, 
Okla. Various materials are added 
to the Hydropol to make it capable 
of vulcanization. 

In all probability, the bond to 
vulcanizable rubber occurs be- 
cause of the formation of sulfur 
crosslinks at the interface during 
vulcanization. According to Henry 
Peters, developer of the adhesive, 
any degree of unsaturation of the 
polybutadiene between 3 and 30% 
gives the best bonds. 

A layer of bonding agent 2 to 3 





Sandwich construction is joined 
together with new adhesive that is 
capable of resisting a pull of approx- 
imately 1000 psi. 


mils thick is recommended for 
proper adhesion. The adhesive may 
be made up in a solution and 
sprayed, brushed or dipped to pro- 
vide the desired layer. An alter- 
nate method is to fabricate the 
adhesive into a thin sheet and in- 
sert the sheet between the mate- 
rials to be bonded. Bonding is 
accomplished by heating at 250 to 
350 F and applying pressures of 
100 psi or less. 
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wall rings in white and a variety of colors for ¢ 





with superior resistance to weather and wear . 











With its versatility proved in a wide variety of industrial applications, Enjay 
Butyl is now making news in the field of consumer products. Available in 
non-staining grades for white and light-colored applications, it is helping 
manufacturers to market new products of outstanding durability in a wide 
range of attractive colors. 


Where can Enjay Butyl work for you? Low in cost and immediately 
available, it may well be able to cut costs and improve the performance of your 
product. Enjay’s newly expanded laboratory facilities, fully staffed by 
trained technicians, are always ready to help you find new applications for 
Enjay Butyl. For further information, contact the Enjay Company. 


Pioneer in Petrochemicals 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron « Boston + Chicago « Detroit « Los Angeles + New Orleans « Tulsa 








For more information, turn to Reader Service card, circle No. 450 
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A hose that takes extremes of heat and cold without cracking; attachable tire side- 
rtra beauty in today’s cars; and boots 


. all through the use of Enjay Butyl 


Enjay Buty! — today’s colorful rubber 
combines endurance and appearance for consumer products 


BUTYL 


’ Enjay Butyl is the greatest rubber 


value in the world. It’s the super- 
durable rubber with outstanding 
resistance to aging « abrasion « 
tear « chipping « cracking « ozone 
and corona « chemicals « gases « 
heat + cold « sunlight + moisture. 
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Long sheets of “four-square” silicon iron approximately 
12 in. wide are produced in any desired thickness. 


ELECTRONIC 
___ WATIme TER 


Transformer containing new magnetic sheet (left) has 
lower energy loss (1.5) as indicated by needle, than ordi- 





nary transformer (right) as indicated by pen (2.0). 


Silicon Iron Sheet is Magnetic in Four Directions 


@ A new kind of magnetic sheet 
material, designed to increase the 
efficiency of transformers, motors 
and generators, has been devel- 
oped at the General Electric Re- 
search Laboratory, Schenectady, 
N. Y. Called “four-square’”’ sili- 
con iron, the new doubly oriented 
magnetic sheet is easily magne- 
tized in four directions and can 
be made in a wide range of useful 
thicknesses. 

The magnetic sheet is currently 
in pilot plant production. GE offi- 
cials believe that four-square 
sheet can eventually be made in 
production quantities at approxi- 
mately the same cost as presently 
used magnetic sheet materials. 

The basic raw material is a 
form of silieon iron similar in 
composition and cost to the typical 
“soft” magnetic sheet used in 
modern transformers and motors. 
Whereas “orientation” in silicon 
iron is achieved by aligning the 
individual crystalline grains in the 
finished sheet material, the doubly 
oriented four-square effect is pro- 
duced by a different kind of align- 
ment (technically referred to as 
“cube texture”) which gives ex- 


cellent magnetic properties not 
only back and forth along the 
sheet but also back and forth 
across the sheet. 
Applications 

A typical application where the 
new magnetic sheet can be used 
most effectively is the iron core in 
a transformer. This core serves 
as a conductor of magnetic lines 
of force, guiding them from the 
primary winding coil to the sec- 
ondary winding coil. When ordi- 


nary 60-cycle a.c. is used, the di- 
rection of magnetization changes 
120 times every second. The core’s 
resistance to these changes causes 
a loss of energy, reduced efficiency 
through the generation of heat, 
and mechanical vibrations which 
result in annoying “transformer 
noise.” Since four-square silicon 
iron can be magnetized in four 
directions, its use as a trans- 
former core should greatly lower 
energy losses and reduce noise in 





Ordinary iron was used in the 
earliest transformers, and the 
advantages of increasing effici- 
ency by adding a small percent- 
age of silicon were discovered 
near the turn of the century. In 
the 1930’s scientists discovered 
that special rolling and heat 
treating techniques would pro- 
duce sheets of singly oriented 
material that could be easily 
magnetized in two directions. By 
appropriately lining up _ the 
sheet in a transformer, genera- 





Background of New Material 


tor or motor, most, but not all, 
of the magnetic flux could be 
carried in these two directions. 
Singly oriented magnetic sheets 
have reduced transformer core 
losses to a tenth of the loss ex- 
perienced with the original un- 
alloyed iron and a fifth of that 
characteristic of the original 
silicon-iron alloy. GE officials 
believe their four-square sheet 
promises “even further improve- 
ments in efficiency.” 
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MOLDED SILICONE SEAL 
KEEPS TAP WATER UNDER CONTROL 








APPLICATION: 


Funnel seal for steam and dry tron. 
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ACUSHNET PROCESS COMPANY 
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coe SPrecision Molded RUBBER, SILICONES -""APCOTITE”’ BONDING 
Address all communications to 750 Belleville Ave., New Bedford, Mass, 





For more information, turn to Reader Service card, circle No. 464 
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much electrical equipment. 

In one familiar type of trans 
former core construction, the ad- 
vantages of singly oriented mate- 
rials can be realized on three sides 
of the square; even with this con- 
figuration there is still consider- 
able loss at the corners. With 
four-square magnetic sheet, a 
variety of transformer core con- 
struction arrangements are pos- 
sible which take advantage of the 





Westinghouse, Too 


As this issue went to press, 
Westinghouse Electric Corp. an- 
nounced its own development of 
doubly oriented silicon steel—a 
material apparently similar to 
that described here. Further de- 
tails will appear in next month’s 
issue. 





easy magnetization on all four 
sides. The new material also gives 
a substantial reduction in corner 
losses. 
How it’s made 

The key to successful produc- 
tion of the sheet is rigid control 
of the internal structure of the 
metal during all steps of process- 
ing, from the original casting 
through successive heat-treating 
and rolling mill operations. Proc- 
essing steps follow the same gen- 
eral pattern as used in making 
singly-oriented materials. These 
steps begin by melting the raw 
material in a standard furnace. 
Subsequent rolling and heat treat- 
ing of the cast ingots produces 
long sheets of material about 12 
in. wide in any thickness. 


Glass Roving, Mat 
Aid Surface Finish 


Two new glass. reinforcing 
agents for plastics, a glass roving 
and a glass mat, are said to have 
better fiber wet-out and bonding 
properties than presently avail- 


the only single 


Arrowhea source for three basic 
types of ducting 
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LOOK TO ARROWHEAD for the three basic types of aircraft ducting and for new ideas, new 
materials, new techniques. Whether your unique problem involves temperature extremes, vibration, 
movement or misalignment, Arrowhead will design and fabricate ducting components to your particular 
applications—using stainless steel, flexible fabric-rubber or rigid plastic-fabric laminates or a combi- 
nation of these. 


Arrowhead, the only single source for these three 
types of aircraft ducting, has the experience, the 


ability and the facilities to answer your ducting a ne 
problems. Arrowhead field engineers are located & RO Ww H E A D pee of 
in all aircraft centers. ederal- 


Mogu!/-Bower 


D 0 D UY Cc T Ss Bearings. Inc. 


2300 Curry Street, Long Beach, California 


Write for new detailed application chart 


For more information, turn to Reader Service card, circle No. 527 
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le WORLD Be€sTos 


help you 


in the design and production of 


VIBRATION 


DAMPERS 
or 


SNUBBERS 


MOLDED 
FRICTION 
PARTS 


SPECIAL 
CLUTCH 
FACINGS 


TRANSMISSION 
LININGS 


LA 


@ World Bestos offers you more than 30 years’ engineering and 
manufacturing experience in the producion of molded friction parts. 
Chances are our immense resources and facilities can supply you with 
molded parts and friction components—to meet your requirements— 
at a savings in both time and money. 





@ Send your blueprints (or somples) for prices and delivery information to WORLD 
BESTOS, Industrial Products Section, New Castle, Ind., Phone: 2360. 
Write for free illustrated folder. 


WORLD BesTos NEW CASTLE, INDIANA 


Firestone ff ies ieesrime space 


Facings * Vibration Controls « Sheet Packing 
TIRE & RUBBER COMPANY 
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able glass reinforcing agents. The 
products are also said to greatly 
improve the surface finish of glass 
reinforced plastics. First in a new 
line of glass reinforcing agents 
trade named “Super-Fi,” the two 
products are now commercially 
available from Owens-Corning 
Fiberglas Corp., Plastics Div. 
1834 Nicholas Bldg., Toledo 1, 
Ohio. 

The glass roving, called Super- 
Fi R-600, is particularly adaptable 
to preform molding of such rein- 
forced plastics products as appli- 
ance parts, housings, automotive 
parts and luggage. The roving, 
when used to reinforce corrugated 
sheets, is said to provide a sheet 
having a smoother surface, less 
resin richness and _ increased 
weatherability compared to sheets 
reinforced with other glass mate- 
rials. Only a light sanding is re- 
quired before painting a molded 
plastics product reinforced with 
the glass roving; previously it 
was necessary to subject a molded 
piece to several sandings before 
painting. 

The other glass product, Super- 
Fi M-506, is a fine strand mat 
designed for use in corrugated 
sheets, containers and automotive 
parts. 


Reinforced Paper 
Is Puncture Resistant 


A reinforced paper, said to have 
good puncture resistant proper- 
ties, has recently been introduced 
by Mosinee Paper Mills Co., Mosi- 
nee, Wis. According to the pro- 
ducer, a reinforcing agent of 
either rayon or fiberglass is in- 
corporated into the sheet on the 
paper machines. The reinforce- 
ment is said to stop tearing of 
the paper if it is ruptured; in 
addition, the reinforcement is 
said to add strength to the paper 
in all directions. 

Called Scrimtex, the paper is 


For more information, turn to Reader Service card, circle No. 534 
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able WERNER Aluminum EXTRUSIONS perform critical functions, achieve the high standards 
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nae required for maximum product and production efficiency. Leading manufacturers of appliances, trailers, 
ten curtain walls, aircraft, etc. depend on WERNER EXTRUSIONS for precision tolerances, consistent 
‘ing quality control and delivery to meet their production schedule. If your present or future product requirements include 
ated extruded aluminum parts—contact WERNER Aluminum. Sales representatives located in principal cities. 
heet ponies ne ee 
less te . 
-| TW ERIE Reo 
eets 2 ; a , DEPT. MS-11 * GREENVILLE, PA. * PHONE: GREENVILLE 1600 
ate- Ci te, SO A lL, tf Be Nei ae 
} re- 
Ided 
with 
y it 
Ided 
fore 
per- 
mat 
ated 
tive 
’ ALUMI oc /|O aaa»! faster...at lowered cos 
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“ny - c Ou ~~ : you ACE HIGH QUALITY on all types of screw 

Ne I'- i “2 machine, centerless ground parts and special shapes 
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in- Write Today for ALUMIBOND Brochure and COPOLYMERS ® TEFLON 
the Complete Information! Sizes: VW," to 2, “oe Lengths: 1/16” to 9” 

is ‘abe weaker as — Write, wire, pnone for samples, prices and bulleti 
rce | Arthur Tickle Engineering Works, Inc. listing stock items. Send epoctieetions os Uninndate 

of | 21-M Delevan Street for prompt quotation on specials. 

in i Brooklyn 31, N. Y. 

Please send ALUMIBOND Brochure to: 

18 
per Rn, « 

Address. - 

bs City ouanen Zone State... Extrusion Molders and Fabricators 

1S ER, RS TN ERRORS MS MG: pepe Eee EEE 91-48 Van Wyck Expressway, Jamaica 35, N. Y. * JA 3-5500 
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Oil well drill bit, carbide-surfaced by 
ASC, outlasts 5 untreated bits . . . cuts 
downtime 50% for oil exploration 
company. 





The original stainless steel crimping 
roller showed definite signs of wear 
after processing 1 to 1144 million food 
cans. Identical rollers, ASC treated, pro- 
cessed 28 million food cans .. . show- 
ing no appreciable wear. 


An ASC treated gear pump component 
outlasts 6 untreated units. In addition, 
its corrosion and heat resistance pre- 
vents contamination of the plastic ma- 
terial being processed. 


Drive and spur gears, after ASC Metal 
Diffusion Treatment, have 3 to 4 times 
the wear resistance of untreated gears. 








Atom Exchange 


Creates Carbide Wear Surface 
On Steel Parts 


Iron, steel and ferrous-base products which 
have to take the punishment of severe wear 
can now be given a treatment which vastly in- 
creases their resistance to wear and abrasion. 


The new ASC Metal Diffusion Process pro- 
duces a chromium-carbide surface on steel 
parts — medium and high carbon, regular, 
alloy or stainless. 


The surface hardness, RC70-72, provides at 
least three times normal wear under the most 
difficult operating conditions 10 to 30 
times normal wear for many applications. 


Even stainless steel can be vastly improved 
wearwise. 


By atom exchange ASC Metal Diffusion 
Process produces a chromium surface which 
is an integral part of the parent metal. In 
addition to providing wear and abrasion re- 
sistance, this surface affords corrosion and 
heat resistance equal to 430 Stainless Steel. 


Further information about this revolutionary 
process is yours for the asking. Write for addi- 
tional data, consultation, or product demon- 
stration. 


ALLOY 
SURFACES 
COMPAN Y 


103 South Justison Street, Wilmington 1, Delaware 


For more information, turn to Reader Service card, circle No. 423 
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said to remain relatively strong 
and flexible at temperatures ag 
low as —75 F. It has been used to 
package molten resins at tempera- 
tures as high as 425 F. The re. 
inforced paper is suitable for use 
in shrouds, bags, temporary bar- 
riers, tents and awnings. 


Asbestos Insulation 
Resists Intense Heat 


A new, lightweight and com- 
pletely incombustible insulating 
board called Asbestolux is being 
marketed for the first time in this 
country, according to North Amer- 
ican Asbestos Corp., Board of 


Flame’s on: Asbestos board is sub- 
jected to the full blast of a Marine 
Corps flamethrower. 


Flame’s off: Smudged by smoke, 
board is unaffected by intense heat 
from flamethrower. 
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To combat severe corrosion in the 
process industries. 


For prototype or experimental work 
in the.nuclear energy field. 
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See us at the Chemical Show, Dec. 2-6, Booth No. 1044 
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Electronic Bushings, 


HAVE YOU invoke 
CONSIDERED per 
THE IMPORTANT 


ADVANTAGES OF 


FILLED TEFLON*? 


PERE 


Rod & Tubing 


Formed 
Gaskets 


Valve 

Seats 

and 
Packings 


It has been definitely established that the value of Teflon can be 
considerably enhanced by the use of fillers in certain applica- 
tions. Laboratory and field experience has demonstrated that the 
use of fillers permit Teflon to be more readily tailored to a wide 
variety of chemical, electrical and mechanical applications. Also, 
some mechanical properties can be improved. These include: 


1) resistance to deformation under load 
2) resistance to wear 

3) thermal conductivity 

4) compressive strength 

5) hardness 


By thus improving its properties, Teflon now offers even greater 
industrial potential. This is the reason filled Teflon has become 
an important item in the “John Crane’ Chemlon® line of better 
Teflon products. 

Chemlon is available with such fillers as glass fiber, carbon, 
graphite, copper and bronze, talc, calcium fluoride and other 
; inorganic materials. 

SEE US AT THE DESIGN ENGINEERING SHOW 
BOOTH 1042 

Crane Packing Company, 6460 Oakton Street, Morton Grove, 

Illinois, (Chicago Suburb). tn Canoda: Crone Packing Co., Ud., Hamilton, Ont 


#DuPont Trademark 


oy & SR A & 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS —_ LAPPING MACHINES THREAD COMPOUNDS 
CRANE PACKING COMPANY 
For more information, turn to Reader Service card, circle No. 412 
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Trade Bldg., 141 W. Jackson St. 
Chicago 3, IIl. 

The material is made by bond. 
ing long asbestos fibers with a 
special silica in high pressure 
steam. The resiliency, strength 
and length of the fibers are said 
to contribute to its lightness 
(about the weight of plywood) 
and good workability. According 
to the producer, the material can 
be sawed, nailed and fastened with 
screws as easily as wood. 

Since the new insulating board 
is made entirely of inorganic ma- 
terials, it is said to be resistant 
to fire, heat, rot, mold and vermin. 
It is recommended as a thermal 
barrier for processes involving 
intense heat, and as an insulating 
material for electrical equipment. 


Phenolic Premix May 
Lower Molding Costs 


Should a plastics molder mix 
his own molding materials or buy 
“premixed” plastics molding com- 
pounds? 

This controversy has now been 
extended to the phenolics with 
the introduction by Barrett Div., 
Allied Chemical & Dye Corp., 40 
Rector St., New York 6, of a liquid 
phenolic which the end-user can 
“premix” prior to molding. The 
main objective seems to be cost 
savings, since there are no ap- 





Phenolic resin is added to dry- 
blended ingredients in the prepara- 
tion of reinforced phenolic premix. 
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Adhesives 








The end use of your sandwich panel fabrication may be for 
curtain walls for buildings, doors, partitions or aircraft. In each 
case, adhesive requirements will vary according to facings and 


| 






BUILDING FACE cores used and the ultimate use planned for the panels. 


U 
P Because of these wide variations in requirements, adhesives for 
sandwich panels are truly a specialty . . . and a specialty which 


l Angier is highly qualified to represent as a result of long experi- 











ence and research. 
DOORS 


Sandwich panels now constructed with Angier adhesives include 


| such facing materials as stainless steel, porcelain enameled steel 





and aluminum, hardboard, fibreboard, glass and paper. Some of 
the core materials are wood, honeycombs of paper, aluminum 








PARTITIONS 





etc. and a variety of foam substances. 


FOR MORE INFORMATION 


Write on your company letterhead for data on our 5750 
series (elastomeric type) for rigid laminating and sandwich 
panel construction as well as on the vinyl phenolic and epoxy 
types for Sandwich Panel work. 


Ansier Adhesives 


Division of GB Interchemical Corporation 
120 POTTER STREET, CAMBRIDGE 42, MASSACHUSETTS 


Midwestern Plant: Huntington, Indiana 













AIRCRAFT 





For EVERY Industry 


Latest developments in 
adhesives for Mylar* 
Lamination, Vinyl Film 
Bonding, also Rubber 
Latex and Resin Cements, 
Pressure Sensitive Cements, 
Flocking Cement, Laminants, i : : 
Sealants, Tie Coats and \ ' oN WEE 
Resin Emulsions. —_ : ’ > | 
*MYLAR is DuPont's 
registered trademark for 
its brand of polyester film. 





©1957 by Interchemical Corporation 






























J 








For more information, turn to Reader Service card, circle No. 370 


NOVEMBER, 1957 





187 














































You get greater strength... with 


SHENANGO CENTRIFUGAL CASTINGS 


Downtime, rejects, heavy maintenance costs and too-frequent 
replacements can be cut down appreciably by the use of Shenango 
extra-strong centrifugal castings. 

They provide a finer, pressure-dense grain . . . with all the 
weakening defects eliminated, such as blowholes and sand 
inclusions. 

Though built to stand the most rugged service, each Shenan- 
go Casting is precisely-dimensioned to your exacting require- 
ments. Whether you need rolls, bearings, bushings, mandrels, 
sleeves, liners, or any other essentially symmetrical part... 
specify Shenango for greater strength, greater wear-resistance, 
greater lasting power and greater savings, year after year. 

Informative bulletins are yours for the asking. Write to: 
Centrifugally Cast Products Division, The Shenango Furnace 
Company, Dover, Ohio. 


























CENTRIFUGAL 
CASTINGS 






eR 


COPPER, TIN, LEAD, ZINC BRONZES 
MONEL METAL «+ NI-RESIST 





ALUMINUM AND MANGANESE BRONZES 
MEEHANITE METAL ALLOY IRONS 
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parent gains in product design or 
properties. Barrett says, “Molders 
of phenolics can save from 5 ty 
10¢ per lb by mixing their owy 
impact materials.” Actual cost re. 
ductions, of course, depend to 4 
great extent on the mixing facili. 
ties available. 


Lead-Filled Epoxy 
Is Radiation Barrier 


A high density, lead-filled epoxy 
casting material has been devel- 
oped by Marblette Corp., 37-31 
30th St., Long Island City 1, 
N. Y., for use as a barrier against 
radiation. Designated Resin No, 
341, the formulation is easy to 
pour and, when mixed with a 
catalyst, sets completely after a 
brief room temperature cure. 

According to the producer, cast- 
ings made from the resin contain- 
ing 95% lead by weight have 
greater hardness and_ rigidity 
than pure lead. The epoxy-lead 
castings are also said to be resist- 
tant to oxidation, corrosion and 
contamination by most chemicals. 
The material is furnished in vari- 
ous lead loadings up to 95% lead 
by weight. 


Ferrites Make Possible 
Better Electronic Parts 


Ferrites are often better to use 
in standard electronic parts than 
ferromagnetic metals because of 
their good electrical properties, 
and they have made possible the 
construction of electronic devices 
that were previously thought im- 
possible to make. 

Since ferrites are finding in- 
creased use in a number of com- 


.-munication equipment parts, they 


have been the subject of consid- 
erable research at Bell Telephone 
Laboratories (see MATERIALS IN 
DESIGN ENGINEERING, Aug ’57, P 
145). In order to gain more in- 
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This tubing head spool for oilfield 
Christmas Trees is still another 
example of the superiority of 
Cameron’s split-die steel forgings. 
Thousands of these critical com- 
ponents are on the job almost 
everywhere oil is produced. The 
model above must first withstand 
22,500 psi test pressure to operate 


SPLIT-DIE STEEL FORGING SOLUTION FOR 
15,000 PSI CHRISTMAS TREE PROBLEM 


safely at 15,000 psi working pres- 
sure — but this is only the begin- 
ning. When set, it must be able to 
support in excess of 300,000 Ibs. 
of heavy steel tubing suspended 
miles below the earth’s surface. 

The exclusive Cameron split-die 
forging process produces two im- 
portant advantages — 1) Shapes 
impossible to produce by any other 
forging method, and 2) Grain flow 
to meet the most extreme perform- 
ance demands. The inherent forging 
advantage of great strength with 
less mass has been extended to 
include a new design range. Open 
center sections, curved or flat sur- 
faces in almost endless variety and 
odd protrusions are routine design 
elements when Cameron split-die 


For more information, turn to Reader Service card, circle No. 569 












































forgings are specified. These vastly 
superior ferrous parts are forged 
to 8,000 Ibs. weight. 

Cameron is busy today producing 
split-die forged steel parts for jet 


engines, guided missiles, atomic 
reactors and, of course, Cameron 
Christmas Trees. 

Our complete production facilities, 
from melting of high quality alloy 
steels to finished machining if de- 
sired, allows undivided responsibil- 
ity — that’s another reason why we 
are serving more customers every 
month. If you are using castings 
where forging quality is desired, 
or if conventional forgings are 
inadequate, write, call or come by— 


IRON WORKS, Inc. 


P.O. Box 1212, Houston, Texas 
SPECIAL PRODUCTS DEPARTMENT 
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chem<6-sol’ gives you 
~_ unlimited potential thru __ 
| The World’s) ~~ The World’s . : "The World’s 









“zx The World’s = 
: “SRE Most Advanced ~ me Mest Experienced “gq. Only Application sam Largest 
Research ~~ Formulator sy ae Plont = Production Capacity 





chem-o-sol® is Super Plastisol... 
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Chem-o-sol is our trade name for specially 
formulated polyvinyl dispersions (plastisols), 
which free the designer from the limitations of 
conventional materials. Inherently versatile 
— of their “liquid solid” nature, these 

pS me offer unlimited opportunity to solve 

oblems and to develop new products, new 
Pa new characteristics. They are simple to 
apply, whether adapted as coatings and finishes 
or as shaped components. 


To give you the ultimate in this new pro- 
duction tool, we operate the world’s largest 


KING PHILIP ROAD ¢ EAST PROVIDENCE, R. |. 


plant — with the most modern facilities for 
research, application method development, and 
production of specialized formulations. 


Call on these facilities to improve your 
present production, create new products, open 
entirely new fields. 


Chemical Products 


CORPORATION 






Member Vinyl Dispersions Division of The S.P.I. 


See opposite page for technical data 


For more information, turn to Reader Service card, circle No. 461 
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_chem-o-sol® 
unlimited 
TECHNICAL DATA 


Chem-o-sol is supplied as a liquid and 
when fused at temperatures in the vicinity 
of 350°F. (some lower fusing compounds are 
available) results in a tough, resilient solid 
with all the outstanding physical and chem- 
ical properties associated with the polyvinyl 
chloride resins on which Chem-o-sol is based. 
Listed below are some of the properties 
which are available in Chem-o-sol in al- 
most any combination: 


COLOR 


Available in any desired color. 


TENSILE STRENGTH 
As required within the range 1,000 psi. to 
2700 psi.* 


PERCENT ELONGATION 
350 to 600* 


HARDNESS (Shore A.) 
As required within the range 10 to 100. 


FLEXIBILITY 


A fused section of Chem-o-sol is flexible at 
temperatures as low as —65°F. 


CHEMICAL RESISTANCE 


Highly resistant to most acids, alkalies, de- 
tergents, and to a wide range of oils and 
solvents. 


HEAT RESISTANCE 
Equivalent to other versions of vinyl based 
compounds. Chem-o-sol, with resistance to 
temperature of 225°F. for as long as 2000 
hours and to temperature of 450°F. for 
over two hours is available. 


DIELECTRIC STRENGTH 


Minimum of 400 volts per mil when fused 
in sections 3 mils thick and over. 


SOLIDS CONTENT 
100% — Chem-o-sol can be molded in very 
thick sections. Reproduction of mold surface 
is excellent. 


APPLICABILITY 
Chem-o-sol is readily applied by dipping, 
die wiping, molding, casting, spraying, or 
spreader coating. 


VISCOSITY 


As required for application method. 


*As measured by Model IP-4 Scott Tester. 


Send For Chem-o-sol Brochure 
When writing to us, use Page 10 of your 
chem-o-sol brochure as a guide to outline 
your project or new end use for Chem-o-sol. 
As soon as we know your requirements, our 
entire resources will be put to work. 


Chemical Products 
CORPORATION 


Member Vinyl Dispersions Division of The S.P". 











formation on the electrical prop- 
erties of both ferrites and ferro- 
magnetic metals, J. K. Galt has 
investigated the de and ac mag- 
netic properties of these two types 
of materials. A discussion of his 
findings may be found in the Apr 
’|7 issue of Bell Laboratories 
Record. 

Comparison of materials 

The ferrites are a class of ce- 
ramic magnetic materials formed 
by causing mixtures of various 
metallic oxides to react in the 
solid state at high temperatures. 
Electrically, their properties are 
broadly similar to those of semi- 
conductors like silicon and germa- 
nium, but their magnetic proper- 
ties are similar in many ways to 
those of iron, cobalt, nickel and 
other ferromagnetic metals. 

Mr. Galt finds that the dc mag- 
netic properties of the ferrites 
and the ferromagnetic metals are 
broadly comparable. However, he 
notes that the ac characteristics of 
the two groups of materials are 
very different because of their 
different electrical properties, par- 
ticularly resistivity. 

When induction is changed 
quickly in magnetic materials, 
either in magnitude or in direc- 
tion, the speed of the change is 
limited by energy-loss mechanisms 
that tend to slow down the change. 
Induction changes in ferromag- 
netic metals are slowed down by 
“eddy currents” that are induced 
in a sample by any change in in- 
duction. On the other hand, fer- 
rites have practically no energy- 
losses because their electrical re- 
sistivity is so many orders of 
magnitude higher than that of 
ferromagnetic metals. As a result, 
ferrites are useful at much higher 
frequencies than ferromagnetic 
metals, in such parts as trans- 
formers and induction coils. 

Mr. Galt notes that ferrites and 
ferromagnetic metals have simi- 
lar Curie points. Curie point is 
the temperature above which a 








can 
control it 


If the temper of thinstrip used in your 
'present production is 
‘temper up, Somers will be glad to 
‘show you how closely it can be con- 
trolled. 

Whatever your problems with thin 
gauge brass, nickel, copper and alloys, 
from .0001” to .010”, Somers has 
the modern equipment, complete labor- 
atory facilities and nearly 50 years of 
experience ready to help you solve 
them without cost or obligation. 

Write for Confidential Data Blank. 


getting your 


Somers 





Somers Brass Company, Inc. 
108 BALDWIN AVE. WATERBURY, CONN, 





For more information, circle No. 556 
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you can get this 
brilliant finish 
directly on 

zinc die castings! 


No electroplating ==no 
mechanical finishing! 








PART AS CAST 














NE a TREATED WITH NEW IRIDITE 
Gaipii> (Cast-Zinc-Brite) 


brightens zine die castings by chemical 
polishing, protects against corrosion 


NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 
directly on zinc die-cast parts . . . without mechanical finishing, with- 
out electroplating! The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel. 
Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes .. . 
also guards against blueing or darkening by eliminating zinc plate 
formerly required in bright chromate finishing of zinc die castings. 


AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro- 
vided by this new Iridite may be sufficient. 


LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 
least a half-dozen typical zinc die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 
Field Engineer. He's listed under “Plating Supplies” in your classified ‘phone 
book. IMPORTANT: when you give us samples for test processing, please be 
sure to identify the alloy used. 


A 


Pieler ael.m am 2O), en 04. Bi 


For more information, turn to 
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material is no longer ferromag- 
netic and where the saturation in- 
duction drops sharply to values 
near zero. Typical Curie points 
for ferrites range from 200 to 
1100 F. Crystalline magnetic 
anisotropy and magnetostriction 
values for the two groups of ma- 
terials are also similar. 

Magnetostriction, or strain that 
occurs in a magnetic material 
when the induction changes, is of 
interest for transducers _ that 
transform electromagnetic energy 
into mechanical energy. Cobalt 
ferrite is an example of a ferrite 
with an extremely large magneto- 
striction. Under suitable condi- 
tions, the dimensions of cobalt 
ferrite samples can be changed by 
as much as 0.08% with changes in 
its induction. 

Chemically, the ferrites are 
metal oxide compounds. Their 
basic chemical formula may be 
written MFe,O,, where “M” rep- 
resents a divalent metal ion (val- 
ence of + 2) and the two iron 
ions are trivalent (valence of + 
3). Others of the “M” or dival- 
ent ions used to make different 
ferrites include nickel, cobalt, 
manganese, magnesium, mixtures 
of zinc and manganese, and mix- 
tures of zinc and nickel. 

Domain walls 

Generally, ferrites can be 
broken up into small units called 
domains. The induction in each 
domain usually points in one di- 
rection but the induction may be 
influenced by a magnetic field to 
point in different directions. For 
example, domain walls or sheets 
between the domains, while under 
the influence of a magnetic field, 
move in such a manner as to en- 
large domains whose induction is 
closest to the direction of the 
magnetic field. Consequently, Mr. 
Galt says, ferrite devices that de- 
pend upon domain wall motion 
will not work as fast at very low 
temperatures as they do at room 
temperature. 

The results of work on domai! 
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Production Takes A Short-Cut 
With Pre-Plated NICKELOID METALS 


Sheet of Nickeloid chrome-steel that will be used for breadbox is 
blanked, with punch-out perforations for ventilation and indented 
shelf supports. Uniform pre-plated finish reduces rejects. 


Edges of Nickeloid chrome-steel sheet are turned up 1/2” in form- 
ing press. Nickeloid is easily worked with standard methods. 


Breadbox body frame is spot welded to the preformed bottom and 


back pieces, with no visible oxidation. Parts then move to assembly. 


Two bends are made on press to give the breadbox its rectangular 
shape. Operation causes no marring of surface or dulling of finish. 


No Cleaning or Post-Plating — Easily 
Worked With Standard Production Methods 


No cleaning solutions, plating tanks or polishing wheels on 
the production line at Lincoln Metal Products Co., Brook- 
lyn, N.Y., manufacturer of fine pantryware. Lincoln elimi- 
nates these costly intermediate steps by using Nickeloid pre- 
plated chrome-steel and copper-steel, These versatile design 
materials speed trouble-free production, reduce rejects, pro- 
long tool life. They are readily worked with standard pro- 
duction methods, as shown here. Parts move from fabrica- 
tion — to assembly — to packing, with no dulling or marring 
of the pre-plated finish, since Mar-Not protective covering is 
used. No cleaning, plating, polishing is needed. Nickeloid 
Metals are available in pre-plated finishes of chrome, nickel, 
copper or brass on steel, zinc, copper, brass and aluminum. 
Sheets, strips, coils —a wide range of finishes and patterns. 


Write For Free Literature 


NICKELOID METALS 
SINCE 1898 


AMERICAN NICKELOID 
COMPANY 


Peru 6, Illinois 


For more information, turn to Reader Service card, circle No. 520 


NOVEMBER, 1957 « 193 



















































194 « MATERIALS IN DESIGN ENGINEERING 





ALLOYS AND CASTINGS 
FOR A COMPETITIVE EDGE 


FREE ...send for your copy of the helpful 
new Westinghouse booklet, For a Competitive 
Edge (B-6570). It describes how you can keep 
up with metals advances in the face of in- 
creasing investment and rapidly expanding 
metals science. 

The booklet takes you on a tour of the new 
Westinghouse metals plant at Blairsville, Pa. 
Pilot plant facilities here can help you explore 
full production conditions and create prototype 
quantities for wrought alloys and molded-metal 
products. Some production capacity can be 
made available for fast, dependable delivery of 
metal products. 

Arrange to see the 16-mm, full-color, 22- 
minute Westinghouse film, This New World of 
Metals. Write Westinghouse Electric Corpora- 
tion, Materials Manufacturing Department, 
Blairsville, Pennsylvania. J-05003 


YOU CAN BE SURE...1F ITS 


Westinghouse cw} 
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wall motion have added mucl 
understanding the behavior of 
ferrites. However, Mr. Galt says 
that there are many things yet to 
be learned of the ferrites. For 
instance, there is no very satis- 
factory picture of the precise way 
the valence electrons rearrange 
geometrically or of their quantum. 
mechanical energy levels. Also, 
more must be learned about loss 
mechanisms in these materials. 


Thin Wall Teflon Tubing 
Used in Tight Areas 


A thin walled Teflon spaghetti 
tubing has been introduced by 
W. S. Shamban & Co., 11617 W. 
Jefferson Blvd., Culver City, Calif., 
for use in electrical and electronic 
parts that require sharp tubing 
bends in restricted corners. The 
tubing is made in wall thicknesses 
from 0.005 to 0.010 in. According 
to the producer, the Teflon tubing 
is competitive in price with vinyl 
tubing, yet is more flexible and 
easier to handle. 


Two Black Phenolics 
for Appliance Parts 


The other black phenolic, a fast 
ing compounds are available for 
appliance and electrical parts. One 
compound, produced by General 
Electric Co., Chemical Materials 
Dept., 1 Plastics Ave., Pittsfield, 
Mass., and designated GE 12929, 
is designed to withstand tempera- 
tures up to 400 F. GE says the 
phenolic is suitable for glossy ap- 
pliance and camera parts and 
black piano keys. 

The other black phenolic, a fast 
curing, two-step molding mate- 
rial, is produced by Bakelite Co. 
Div., Union Carbide Corp., 260 
Madison Ave., New York 16. Field 
evaluation tests show the com- 
pound, called BMM-7000, cures 
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This seemingly impossible production bonding 
problem (styrene-to-glass without discoloration 
or solvent attack) was solved by Terre Haute 
Advertising Company, Terre Haute, Indiana, with 
a 100% solids epoxy paste — BONDMASTER 

M653. 











INDUSTRIAL ADHESIVES 


Bondi, 
el NESIves 


for plastics and metals 


The flexibilized epoxy adhesive which enabled this attractive 
desk thermometer to be mass produced wasn't “custom 
formulated” for the job. It is one of more than 30 “stock” 
metal-and-plastics-to-themselves-and-to-each-other adhesives 
in the varied BONDMASTER line. 


Send for free Adhesive Comparison Chart . . . and if one of 
these 30 doesn’t provide the answer, we'll gladly formulate 
specially for your specific needs. 


RUBBER & ASBESTOS CORP. 


227 BELLEVILLE AVE., BLOOMFIELD, N.J. 
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NONO. a thousand times NO’ 
"NO loss of time, 


say the thousands of users 


of LAMINUM SHIMS... 


NO inachining! 
NO rinding! 
NO counting! 
NO stacking! 
NO iniking! 


LAMINATED SHIMS OF 
ee ee a 






























































STAINLESS 
ith Pron tion 
Laminated Shims of ot '002" or 003" 
LAMINUM 
now available in BRASS 
Complete details in Engineering with laminations 
Data File. Send for free copy. of .002” or .003” 








LAMINATED SHIM COMPANY, INC. 


Shim Headquarters since 1913 
1611 Union Street, Glenbrook, Conn. | 
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PROPERTIES OF GE 12929 





Tensile Strength, psi.. 7000 
Notched Izod Impact Strength, 

RC Ek cc cena 0.34 
Flexural Strength, psi... .. 10,000 
Modulus in Flexure, psi................1x 19 
Compressive Strength, psi. . . .... 25,000 
Water Absorption, %......... 0.45 
Rockwell Hardness........ ae M100 
Heat Distortion Temp, F... ie 340 
Dielectric Strength (60 

cycles), v/mil 

OARS Sees 1. B00 
See ee 
Power Factor (60 cycles)..................0.45 
Dielectric Constant (60 cycles)............. 10.0 





50% faster than presently avail- 
able one-step and two-step phen- 
olics. According to the producer, 
the apparent modulus of elasticity 
of BMM-7000 is 50,000 psi after 
a cure of 50 sec at 335 F. A con- 
ventional one-step phenolic is said 
to require a cure time of 75 sec 
at 335 F to provide the same 
rigidity. Bakelite’s compound is 
a woodflour-filled phenolic de- 
signed especially for electrical 
parts. 


Rubber Compound 


Stillman Rubber Co., 58ll 
Marilyn Ave., Culver City, Calif., 
has developed a rubber compound 
for difficult sealing applications, 
such as poppets and dynamic and 
static seals. Called SR 251-70, 
the vulcanized rubber compound 
is said to have good compression 
set properties at high tempera- 
tures. It is also claimed to have 
good oil and solvent resistant 
properties at temperatures rang- 
ing from —65 to 500 F. 


Solvent Loosens Parts 


- Embedded in Plastics 


A nonflammable solvent has 
been developed by Emerson & 
Cuming, Inc., 869 Washington St., 
Canton, Mass., to recover items 
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a hole here is a hindrance... 













a hole here is a help 


Crucible Hollow Tool Steel sections, cut 
to length, save you time and money when you 
make ring-shaped, or tubular parts, or tools with 
a center hole. Because these tool steel sections 
are already drilled through when you get them, 
you don’t have to bore, drill, cut-off or rough- 
face. Production time goes down, and most scrap 
losses are eliminated. 

Five popular grades of Crucible tool steel are 
available immediately from warehouse stock, in 
hollow-disc form. They are KETOS oil-harden- 
ing, SANDERSON water hardening, AIRDI 
150 high-carbon, high-chromium, AIRKOOL 
air-hardening, and NU-DIE V hot-work tool 
steels. Order the O.D. and I.D. combination, 
and length and thickness you need. 

Let your Crucible representative show you 
how hollow tool steel sections can reduce pro- 
duction time, and save you money. Crucible 
Steel Company of America, The Oliver Building, 
Mellon Square, Pittsburgh 22, Pa. 


first name in special purpose steels 





Crucible Steel Company of America 


Canadian Distributor—Railway & Power Engineering Corp., Ltd. 


For more information, turn to Reader Service card, circle No. 436 
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Wires are loosened from casting 
resin with nonflammable solvent. 


embedded in epoxy and polyester 
resins and in polysulfide and sili- 
cone rubbers. Called Eccostrip 57, 
the solvent usually takes several 
days to completely loosen the em- 
bedded material from the resin or 
rubber. According to the producer, 
the solvent can be reused. 





Copper Addition Aids 
Machining of Steel 


The addition of copper to cold 
finished steel bars is said to 
greatly improve the machinability 
of these bars. Recently, La Salle 
Steel Co., 1420 150th St., Ham- 
mond, Ind., announced the avail- 
ability of copper-containing steel 
bars, called “Stressproof with 
Copper Controlled Chemistry,” 
having a guaranteed minimum 
yield strength of 100,000 psi in 
sizes through 2 in., and 90,000 psi 
in sizes from 2 to 3%% in. Other 
mechanical properties are not 
guaranteed, according to the pro- 
ducer. 

According to La Salle, “Stress- 
proof steel bars with Copper Con- 
trolled Chemistry will machine 
faster than any other carbon or 
alloy steel at the same strength 


CHEMICAL INDUSTRIES, INC. and of the same carbon content. 


Both laboratory and field tests 
BOX 501, DETROIT 32, MICHIGAN indicate approximately a 10% in- 
crease in machinability compared 


For more information, turn to Reader Service card, circle No. 554 For more information, circle No. 514 ? 
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HOW THE SILICONES WAN HELPED... 
Light up the life of a double-decked commuter 


Greater comfort for commuters ... and increased 
efficiency for railroads in these double decked 
coaches now in service on the Chicago and North 
Western Railroad. Brighter, roomier, air condi- 
tioned ... and passenger capacity more than dou- 
bled. Problem? Greatly increased power demand 
but no more space for motor generating equipment. 
Solution? Class H insulation with Silicones. 

The engineering staffs of Waukesha Motor Com- 
pany and Harnischfeger Corporation, cooperating 
with the C&NW, designed and built a Class H 
generator using UNION CARBIDE Silicones as the 
insulating resin. Silicones stand up under tempera- 
tures and loads that break down other insulating 
materials. The result is a unit no larger than those 


The term “Union Carbide” is a registered trade-mark of UCC. 


In Canada: Bakelite Company, Division of Union Carbide 
Canada Limited, Toronto 7, Ontario 


previously used, but supplying sufficient power to 
meet the new demands plus any overload condition. 

This is another example of how the UNION 
CARBIDE Silicones Man has helped solve an “impos- 
sible” problem. To obtain more information on 
the many advantages of silicone insulation, a book- 
let—“Class H Insulation with UNION CARBIDE 
Silicones” is available by writing to Dept. N-11, 
Silicones Division, Union Carbide Corporation, 30 


East 42nd Street, New York 17, N. Y. 


fey-\-izii/e)— SILICONES 
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ll Components... 
=o Materials... 
4+ Units... 


wburn does the whole plastic moiding job: Two 
piece housing, battery holder, bezel, rear lens holder, 
front and rear lenses, on-and-off button, viewer carry- 
ing case, 150 slide and 300 slide carrying cases. 


Here's what were doing for the 
manufacturer of a fast-selling 35 
mm. slide viewer: Producing an 8- 
component viewer in injection- 
molded high impact styrene, with 
two acrylic lenses so accurately 
molded that no grinding or polish- 
ing is necessary. Also producing 
three carrying cases —one for the 
viewer, two for slides. These cases 
are one-piece hinged polyethylene 
—a delicate job, but one we've 
thoroughly mastered. Quite a pack- 
age! But it’s coming through with 
the high-speed, low-cost production 
that Auburn molding always gives. 
And our one-stop plastic service 
can do the same kind of complete 
job for you. 


AUBURN PLASTICS, INC. 
AUBURN,NEW YOR K 
FORMERLY AUBURN BUTTON WORKS, ING. 


ESTABLISHED 1876 
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to regular Stressproof steel ba 
Other benefits derived from the 
copper addition are said to be im- 
proved tool life, good corrosion 
resistance and improved physical 
and mechanical properties. The 
company says field evaluation 
tests show that the addition of 
copper to Stressproof results in a 
25 to 150% improvement in tool 
life during machining operations. 
The chemical composition of 
regular Stressproof steel bars is: 
0.40-0.48 carbon, 1.35-1.65 manga- 
nese, 0.040 max phosphorus, 0.24- 
0.33 sulfur and 0.15-0.30 silicon. 
Just how much copper is added 
to the steel bars was not revealed. 


Aluminum Foam May 
Compete with Wood 


Foamed aluminum, developed 
recently by Bjorksten Research 
Laboratories for Industry, Inc., 
can be sawed, nailed, cemented, 
screwed and worked like wood 
and may someday replace wood in 
a number of applications. The re- 
search organization has completed 
negotiations with a newly formed 
company, Foamalum Co., Box 443, 
Janesville, Wis., to make alumi- 
num foam aquaplanes and various 
types of floats, such as those used 
in carburetors, stock watering 
tanks and toilet tanks. 

Basically, the process for mak- 
ing the foam aluminum consists 
of mixing gas forming chemicals 
in molten aluminum. Gas bubbles, 
formed in the molten aluminum. 
honeycomb the metal with air 
cells upon cooling and produce a 


Aluminum looks like this after 
going through new foaming process. 





MILLIONS OF SHARP, SUPERHEATED PARTICLES, 
traveling at high velocities, quickly wear dust col- 
lector linings, mains, downcomers, etc. Metals and 
most ceramics simply can’t withstand this harsh 
abrasion. But CARBOFRAX refractories can—even 
at temperatures as high as 2500°F. A CARBOFRAX 
dust collector lining in an ore sintering machine is, 
for example, still in use after 10 years’ service. 


Refractories ...to resist abrasion 


Exceptional resistance to abrasion— whether caused by tiny gas- 
borne particles or sliding steel billets— is one of the most useful 
properties of several of Carborundum’s unique refractory mate- 
tials. For example, when used in the exhaust lines of gasoline 
catalytic cracking units in temperatures ranging up to 1200°F, 
these refractories lasted 3 years, as compared to alloy rings 
which lasted for 6 months. 

And when abrasion is combined with higher temperature, 
the exceptional resistance of these super refractories becomes 
even more apparent and useful. As skid rails in furnaces which 
heat 6-lb. billets to 2250°F—pushing 250 slugs an hour— 
CARBOFRAX® silicon carbide refractories need one-third the 
replacement, one-third the labor and one-third the down-time of 
ordinary rammed chrome ore hearths. Other successful applica- 
tions include: dust collectors, gas scrubbers, transfer pipe lines, 
hydro cyclones and process equipment parts, to name but a few. 

Many applications call for other properties in combination 
with wear resistance. Among Carborundum’s many materials 
are refractories that also offer excellent heat shock resistance 


CARBORUNDUM 


Registered Trade Mark 


For more information, turn to Reader Service card, circle No. 383 


with sufficient hot strength to withstand 25 psi at 3128°F. 
Others provide unique resistance to corrosion as well as abra- 
sion. These properties are but a few of those to be found in 
super refractories pioneered by Carborundum. Among them, you 
are almost certain to find answers to your refractory and high- 
temperature problems. For help, fill in and mail this coupon: 


perenne -MAIL THIS COUPON TODAY 


Dept. R117, Refractories Division, 

The Carborundum Company, Perth Amboy, N. J. 

Please send me: 

[_] Forthcoming issue of Refractories Magazine 

[] Bulletin on Properties of Carborundum’s Super Refractories 


[] Here is a description of my high temperature problem. 
Can you help me? 
EE ae ee Title 


Company 


a a ee 


ee 
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Carbon-Graphite 


FOR DESIGN PROBLEMS | 
lightweight, fairly strong mate. 
iINvVOoO LVIN Geee rial. According to the producer. 


the process is capable of produc- 



























CORROSIVE CHEMICALS OR GASES ing a material ranging in densit 

LUBRICATION DIFFICULTIES from 12 to 40 lb per cu ft. The 

FLUID COUPLING SEALS TEMPERATURE VARIATIONS material can be made either as a 
CLOSE TOLERANCES OR COMPLICATED SHAPES | closed cell foam (floating) or as a 























WEIGHT RESTRICTIONS | water absorbent sponge. 
CONTROLLED FRICTION Potential uses include fence, 
mine, dock and telephone posts. 
ROTARY SHAFT SEALS a oo. | The material should also ay use 
by Cost | as a core material in aircraft 
| = sil tienes dines structures and wall and floor 
| nies panels. 


cA 


PUMP BEARINGS 


oO 


GAS TURBINE SEALS 


per 


PUMP VANES 


Oo 


OIL & GREASE SEALS Appar- | Max. Safe 


Grade | Hard-|Strength| ent Oper. Typical | laminate is rolled copper having 

i. > ness Density | Temp. ° F Applications a 99.5% minimum purity. It has 
baad SK 16 45 | 6000 | 1.75 | 250) Water | a surface adaptable to silk screen- 
SK 182 70 8000 | 1.77 350 ! Pumps : wr " 

ing, offset printing, standard 


SK 180 80 7000 1.75 650 Corrosive Chemicals 





Stackpole carbon and graphite— 

used singly, in combination, or 

mixed with metal powders—bring . 

design flexibility to hundreds of me- | Copper Clad Laminate 

chanical engineering problems. | Can Be Printed, Plated 
Special grades are constantly being | 

developed to meet specific requirements. | printed electronic circuits has 
Ask your local Stackpole Field Engi- | been announced by Taylor Fibre 














A copper clad laminate for 





neer or send details of your problem for Co., Norristown, Pa. Designated 
recommendation. |  Cu-246, the material is a paper- 





| base laminate made with a special 
CARBON GRADES FOR MECHANICAL APPLICATIONS =| jasticized phenolic resin. 








The copper foil used on the 
































































| 
| 
PISTONS — = go00 | 1.80 | 1200) Stlah anand Sieh | photoengraving, and semiprecious 
sk 145 | 90 | 8000 | 1.90 | 800) | Temperature Aircraft | and precious metal plating. B 
SK 187 | 80 | 9000 | 1.79 | 650) High Altitude According to the _ producer, 
NEW SK 188 | 65 | 7000 | 1.78 | 650” enna Cu-246 can be cold punched and " 
High Temperature se = a me ma mater for bearing cold sheared in thicknesses up to ’ 
Carbon eran we WG Be YT poem 1 16 in. The laminate is made y 
sk 176 | 80 | 7000 | 1.80 | 650! Sethe in sheets approximately 37 x 49 
ee <i phar SK 105 75 | 7000 | 1.60 509 } Oil in. and in thicknesses from 0.020 te 
Stackpole ere cis SK 175 | 75 | 7000 | 1.75 | 500 Seals to 0.250 in., with copper on one f 
| bearings ane rbines 304 80 = oe a Vanes & Bearings or both sides. 5 
meg ee high tem Pa7 70 6000 | 1.68 eso | Turbine Rings a 
erature application® ¥20 40 | 3000 | 1.65 | 650 ke 
how minimum pene SK 21 45 | 7000 | 270 | 250 y 
| tion en Om eo} | melee) oo Silicone Rubber, Resin ‘ 
} ° 
: cated 1 oe cm | ot aml to] os for Hot Applications 
sit of 806 . 
heated materials pes 108 oe Dow Corning Corp., Midland, 
Mich., has recently introduced a 
new silicone resin and an im- : 
proved silicone rubber. The sili- 
cone resin, designated R-7141, is 
' recommended for vacuum molding 
| of such complex structural parts 








| STACKPOLE CARBON COMPANY, St. Marys, Pa. as radomes, aircraft duct work 
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Basic shapes from Angles to Zees, and specialized shapes 
for architectural trim and truck bodies are available from 
stock in the principal corrosion resistant alloys. Many an 
odd or unusual shape is a stock item, too, since more and 
more companies have redesigned their small parts to capi- 


talize on the savings in machining afforded by using pre- 
formed shapes. 


Shot? We specialize in that, too—stocking foundry alloys, 
and making shipments in quantities from handfuls to car- 
loads in Nickel, Silico-Manganese, Iron Foundry Inoculants, 
Vanadium, Chromium, Silicon, Titanium, Manganese for 
foundry corrosion resistant alloying purposes. 


Whether it be shapes, shot, or anything else, selecting the 
one right kind of material in the corrosion resistant field 
is important. Recognizing this we're ready to advise you, 
since we stock all the principal alloys, we can and do give 
unbiased opinions. 


So, when you need anything in the corrosion resistant line, 
think of Whitehead. Eight conveniently located warehouses 
with more than 20,000 items to choose from — products of 
such leading producers as Alcoa, Inco, Anaconda, Van- 
coram, and many others. You'll find it will pay to Call 
WHITEHEAD first. 


ALUMINUM ¢ BRASS ¢ BRONZE ¢ CLAD METALS ¢ COPPER « MONEL ¢ NICKEL ¢ INCONEL © PRIMARY NICKEL 
& FERRO ALLOYS ¢ PLASTICS © STAINLESS STEEL: 
SHEET + ROD + WIRE*SHAPES + PIPE + TUBE + VALVES « FITTINGS + FASTENERS + WIRE MESH + WELDING AND BRAZING MATERIALS) 


303 West 10th St. ° New York 14, N. Y. 


Other Offices and Warehouses: 


PHILADELPHIA ° BUFFALO e HARRISON, N. J. 
CAMBRIDGE, MASS. * SYRACUSE * WINDSOR, CONN. * BALTIMORE 


For more information, turn to Reader Service card, circle No. 587 
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BERYLLIUM METAL 


QMv Brand .. 
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BERYLLIUM COPPER ALLOYS 








istance 


BRUSH is the primary producer of BERYLLIUM 
METAL and BERYLLIUM ALLOYS. 


QMV BRAND BERYLLIUM is available in vacuum- 
sintered bar, wrought forms and machined assemblies. 


Be-Nickel, Be-Aluminum, Be-Copper and special alloys are 
produced as casting alloy and master alloy. 


Beryllium-Copper alloys are also available in wrought form. 


Synthetic Mica and High-strength Be0 refractories are other 
products of BRUSH Research. 








Two new informative bulletins are going to 
press soon. Write about YOUR 
requirements to: 


BERYLLIUM METAL 
BERYLLIUM COPPER 
ALLOYS BERYLLIUM MASTER ALLOYS 


QMV BRAND 
. ae BERYLLIUM OXIDE 


THE BRUSH BERYLLIUM COMPANY, 4301 PERKINS AVE., CLEVELAND 3, OHIO 
For more information, turn to Reader Service card, circle No. 551 
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N MATERIALS 


PROPERTIES OF RTV 501 








Tensile Strength, psi..... 13) 
Elongation, %............ 50 
Durometer Hardness. ...... . A30 
Brittle Point, F........... 100 
Water Absorption (70 hr at 212 F), %. 14 
Dielectric Strength, v/mil AG) 
Dielectric Constant 

10? Cycles..... 2.6 

105 Cycles...... : 25 
Dissipation Factor 

ican ss wet aka Gon 0.01 

10° Cycles.......... ee 





and high temperature missile 
parts. The cured resin is said to 
have good strength at high tem- 
peratures, good thermal stability, 
and good electrical properties. 
The improved silicone rubber, 
RTV 501, is a room temperature 
vulcanizing rubber that is said to 
retain its rubber-like properties 
over a temperature range of -70 
to 500 F. The improved rubber 
is said to have long shelf life (six 
months) and good handling and 
blending properties in the unvul- 
canized state. it is recommended 
for encapsulating electric and 
electronic parts and for general 
potting and sealing applications. 


Preplated Metal 
Can Be Deep Drawn 


A new development in preplated 
metal, known as specification plate 
on ChromSteel, is said to elimi- 
nate costly piece plating of parts 
that require deep draws and se- 
vere bends. According to the pro- 
ducer, Apollo Metal Works, 6650 
S. Oak Park Ave., Chicago 38, the 
preplated metal can be stretched 
without danger of drawing out 
the luster of the satin chromium 
finish. The chromium finish is 
said to be durable and wear re- 
sistant and can be cleaned fre- 
quently during the life of the 
product. 

Applications where the pre- 
plated metal can be used include 
home and commercial kitchen ac- 
cessories, automotive trim and 


“Hot” aircraft are really hot today. High engine temperatures and the 
increasingly greater temperatures throughout aircraft structure are constant 
problems of high speed flight. 


But forgings and fasteners of tough, heat resistant alloys are pushing 
back this “heat barrier”, thanks to new metallurgical developments which 
greatly increase their forgeability and machinability. 


Carpenter metallurgists have perfected a full range of these more-workable 
alloys for elevated temperature service. Forge shops, fastener-makers and 
engine builders find them always uniform, always on the “plus” side of 
strict aircraft specifications. 


Design, application and fabrication properties of these Carpenter alloys are 
covered fully in our new booklet, “Carpenter Alloys for Elevated ‘Temperature 
Service”. A request on your Company letterhead will bring you a free copy 
promptly. ‘The Carpenter Steel Company, 135 W. Bern Street, Reading, Pa. 


[arpe 


improved alloys for elevated temperature service 
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IN MATERIALS 


accessories, cabinet trim, 

room accessories, fluorescent and 
recessed light brackets, dispensa- 
ble paper and towel racks, and 


soap dishes. 


Strain Gage Detects 
Changes in Metals 


A newly developed optical strain 
gage has been designed specifi- 
cally to check the variation in 
modulus of elasticity of a metal 
at high temperatures. It can also 
be adapted to check the degree of 
surface strain produced in a metal 
by heat cycling. 

With proper calibration, the in- 
strument can detect changes in 
metals at high temperatures in 
units as small as 20 millionths of 
an inch. Developed at Westing- 
house Electric Corp., the instru- 
ment, roughly 114 in. long, 34 in. 
wide and % in. high, consists of 
a metal framework to hold two 
tiny mirrors, one stationary and 
the other movable. 


In operation, the gage is 








Strong abrasive—Abrasive wheel 
shown above, made by brazing tung- 
sten carbide grits on steel, has been 
used to smooth the edges of 3500 


plastics windshields. An ordinary 
sandpaper disk usually breaks down 
after sanding 30 of these wind- 
shields. The new abrasive, marketed 
under the brand name, Perma-Grit 
T-C, is available from Skil Corp., 
5035 Elston Ave., Chicago 30. 
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from Cold strip to finished tubing 
IN SECONDS! | 
» \ KK \ \ 
with a YODER sa 


ELECTRIC-WELD TUBE MLL ay | 


\ 


One of the fastest ... and one of the least expensive 
-.- methods of making steel tubing is with a Yoder 
Electric-Weld Tube Mill. The Yoder method elimi- 
nates the need for time-consuming heat treatments 
and costly conditioning furnaces for most tube needs. 
Scrap losses, too, are far lower than any other method 
... usually less than 2%. 


The Yoder Type-M Mill shown above is operated by 
one man and a helper. Coiled strip on this mill is 
continuously cold-roll formed, welded and cut to 
required lengths in a matter of seconds .. . at speeds 
up to 340 f.p.m. The quality of the resulting tube is 
constantly better than the requirements of commercial 
standards. This is one of many reasons why manu- 
facturers and users of tubing the world over are using 
more Yoder mills than all other makes combined. 


If your business requires pipe and tubing, ferrous 
or non-ferrous, in sizes from 14-inch to 26-inch 
diameter, Yoder can supply the engineering service 
and machines to produce it faster and better for less! 
For complete details, write for the Yoder Tube Mill 
Manual. It’s yours for the asking. 


THE YODER COMPANY 
5546 Walworth Avenue e« Cleveland 2, Ohio 
























ENGINEERING 


PIPE AND TUBE MILLS (ferrous or non-ferrous) 


COLD ROLL FORMING MACHINES | 
ROTARY SLITTING LINES ~~ i 





MANUFACTURING 
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SPECIFIC REQUIREMENTS 
IN STEEL CASTINGS? 





V TENSILE STRENGTH 
V ABRASION RESISTANCE 

V CORROSION RESISTANCE 
V SUBSEQUENT HEAT TREAT 


Rely on UNITCASTINGS! Unitcast produces a complete 
Manufacturers have learned to range of cast steels, from plain 
rely on Unitcast’s Specification carbon grades through the low 
Steel Castings. They know Unit- alloy ranges—with subsequent 
cast’s modern production facili- heat treat service. Listed below 
ties and engineering ‘“know-how’’ are six’ basic steels produced by 
assure the finest steel castings of Unitcast. Variations or special 
consistent uniformity! 





steels on request. 


CARBON STEEL CASTINGS 





PHYSICAL PROPERTIES 





Tensile 
TYPE OF 
CASTING Strength 


Yield 
Point 
p.S.t 


Elongation 
In 2” 


Reduction 
of Area 


GENERAL CHARACTERISTICS 





p.s.i 
LOW 
CARBON 60,000 
[Grade B Soft] 


30,000 


25% 


Comparable to SAE 1020. Ideal for carburizing purposes. Weldability 
excellent. High ductility 





MEDIUM 
CARBON 70,000 
[Grade B [Min.] 
Medium] 


38,000 
[Min.] 


24% 


([Min.] 


140-170 | Comparable to SAE 1025. Good machinability. Above average physical 


properties. Weldability excellent. Good ductility 





MEDIUM 
HIGH 
CARBON 
[Grade B 
Medium High} 


Comparable to ASTM-A-148-46T 80—40. Slightly higher carbon than 
“Medium” grade with higher tensile properties. Decreased ductility. Water 
quench will increase hardness. Pre-heating and post-heating recommended 
for welding 





HIGH 
CARBON 
[Grade B High} 




















Comparable to SAE 1045. Attained higher tensile properties result in 


179 a less ductility. Suitable for high surface hardness. Welding difficult 


unless pre-heated and post-heated 








ALLOY STEEL CASTINGS 





PHYSICAL 


HEAT TREATMENT 





PROPERTIES* 
T-LOY 34 


Normalized 
Drawn 


Oil Quenched 





1200°F Drawn 900°F Drawn 


GENERAL CHARACTERISTICS 





Tensile Strength p.s.i 
Yield Point p.s.i. 
Elongation in 2’’ 
Reduction of Area 
Brinnell Hardness 


90,000 
60,000 
20% 
40% 
187-217 


105,000 
85,000 
17.0% 
35.0% 
217-246 


150,000 
125,000 
10.0% 
25.0% 
305-342 


Comparable to SAE or AIS! 8632. Oil quench produces excellent tensile 
strength properties ranging to 150,000 p.s.i., coupled with high ductility, wear 
resistance and immunity to temperature changes. Specific areas may be flame 
or induction hardened 





T-LOY 42 





Tensile Strength p.s.i. 
Yield Point p.s.i. 
Elongation in 2’ 
Reduction of Area 
Brinell Hardness 








100,000 
75,000 
12% 
25% 
217-246 





175,000 
145,000 
10% 
25% 
350-380 








Superior to SAE or AIS! 8640. Recommended when high strength and hardness 
are desired in the normalized and drawn condition. Deeper hardening obtained 
by oil quench and draw with tensile up to 175,000 p.s.i High degree of hard- 
ness will be attained with spot or flame and air cooling. Water quench not 
recommended 








* Physical properties based on a .505”’ test bar turned from a standard 14’’ cast test coupon 


NOTE: Certified copies of complete test records—plus special test reports 
on each heat of steel—are provided to Unitcast customers on request. 


Let Unitcast’s engineers help you select the right castings for your 
requirements. Write or call today for detailed specification sheets. 
No obligation, of course! 


Unitcast "3: 





UNITCAST CORPORATION = Toledo 9, Ohio YA 


For more information, turn to Reader Service card, circle No. 531 


208 « MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 








IN MATERIALS 


Two tiny mirrors are the heart of 
a high temperature optical strain 


gage. 


clamped to a metal surface; a 
beam of light is then aimed at 
one mirror, reflected to the other 
mirror and then back to the light 
source, where a scale indicates the 
angle of the return beam of light. 
When the sample is heated to test 
temperatures, a movable knife 
edge rotates slightly changing the 
mirror angle and in turn the light 
beam return angle. 

According to Westinghouse, an 
extremely high degree of accuracy 
is possible with the instrument, 
since there is no mechanical link- 
age between the gage and the 
measuring device. The mirrors 
consist of a silver brazed strip of 
platinum that is said to stay 
bright and reflective at tempera- 
tures as high as 1250 F. 


Epoxy-Asbestos for 
Class B Insulation 


Two improved types of epoxy- 
saturated asbestos paper insula- 
tions for Class B electrical appli- 
cations have been announced by 
Johns-Manville Corp., 22 East 
40th St., New York City. Known 
as types 71 and 72 Quinterra, the 
improved products are said to 
have good electrical and thermal! 
properties. 

Type 71 Quinterra is a high 


For more information, circle No. 372 ® 
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. goes into ‘every Consolidated product. From blueprint 
to delivery, each plastics part is in the hands of skilled 
technicians to whom a customer’s “well done” is the ultimate 
goal. Why don’t you let us demonstrate what this experience 
and service can mean to you? You'll like the extra touches 
aloha uted ame MM [elo o)am Gelalvolileleli-tep 


Your Blueprint 


in Plastics 


Since 1874” At Consolidated, Everything Is Modern Except Our Old-Fashioned Pride in Craftsmanship. 


Complete Facilities for Molding of All Plastics 


ONSOLIDATED MOLDED PRODUCTS CORPORATION 


SCRANTON 2, PA. 
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PROBLEMS 





TO BEARING 


Bunting capability and leadership in the 
field of Cast Bronze Bearings and parts are 
well established and widely recognized. ‘Today 
Bunting offers an equally comprehensive and 
responsible service in the field of Sintered 
Powdered Metal Bearings and parts. 


Bunting’s special knowledge and facilities 
make Sintered Powdered Metal products 
available in many applications not 
heretofore considered feasible. We can help 
you find the simplest answer to your 
individual problem, be it Cast Bronze 

or Sintered Metal. 


A wide range of stock sizes of 
Bunting Cast Bronze and Sintered 
Powdered Bronze self-lubricating, 
plain and flange bearings, thrust 
bearings and bars are available 
from Bunting distributors every- 
where in America. 


Write for catalogs and your copy of the 
new 24 page Bunting Engineering 
handbook of Sintered Powdered 
products and their composition, 
manufacture and application. 


Bunting. 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 





The Bunting Brass and Bronze Company «+ Toledo 1, Ohio «+ Branches in Principal Citie?. 


For more information, turn to Reader Service card, circle No. 486 
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Epoxy-saturated asbestos paper 
used for electrical insulation. 


resin content product with ap. 
proximately 45 to 50% resin. 
Laboratory tests indicate that the 
product has a dielectric strength 
of over 700 v per mil, good tensile 
strength, and a moisture absorp- 
tion factor of less than 2% after 
24-hr immersion in water. The 
material is supplied in thicknesses 
of 4 and 5 mils as tape, cut sheets 
or rolls. 

Type 72 Quinterra is a normal 
resin content product with ap- 
proximately 20 to 30% resin. Heat 
aging tests show that in some 
cases the dielectric strength of the 
product increases after exposure 
to certain temperatures and hu- 
midities. Type 72 is available in 
thicknesses of 3, 4, 6 and 9 mils 
in tapes, cut sheets and rolls. 

The epoxy-treated asbestos in- 
sulations are recommended for 
use as slot liners; phase separa- 
tors; and layer, barrier and wrap- 
per insulation in motors, genera- 
tors, transformers and resistance 
devices. 


Reinforced Acrylic 
for Vacuum Forming 


’ There is at present no formable 
plastics sheet that combines good 
weather resistance with high im- 
pact strength, craze resistance and 
nailability. Also, there is no high 
impact material that has the 
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employs a hook pivot pin 


made from vacuum-melted steel 


The hook pivot pin in the Aero 15B bomb rack and rocket 
launcher must be highly resistant to fatigue. To test 
this property, the pin must undergo 4% hours of 
destructive vibration tests. It is subjected to vibration 
in each of three axes in turn with a frequency of 50 c.p.s. 
and a total excursion of 0.06 inches while loaded with a 
500 pound store. This is no minor point, as the 500 pound 
store under these vibration conditions exerts a damag- 
ing and fatigue effect considerably more than a 500 
pound load under any other test condition. 

Air-melted steel did not stand up under this rigorous 
testing. But Ferrovac vacuum-melted 4340 steel emerged 
without apparent damage. 

A vacuum-melted metal with such improved durability 
and strength may be just what you need when other 
types can’t measure up to your rigid specifications. A 
VMC engineer will gladly help you explore this possi- 


® 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 


The Ruffe, Inc. combination bomb rack and rocket launcher 








bility. Thus the full technical resources of the first and 
largest producer of vacuum-induction melted metals will 
be placed willingly at your disposal. Write—describing 
your problem—in detail—to Vacuwm Metals Corpora- 
tion, Division of Crucible Steel Company of America, 
P.O. Box 977, Syracuse 1, N.Y. 








ros mess 











Vacuum-melting is adding new performance to these metals. 
Do you have an application that may benefit from their use? 


High temperature alloys 

High strength alloy steels 
Low alloy steels for springs 
Nuclear reactor materials 
Special nonferrous alloys 
Alloys for investment castings 


Bearing steels 

Tool steels 
Stainless steels 
Hard facing alloys 
Electronic alloys 
Soft Magnetic alloys 











For more information, turn to Reader Service card, circle No. 364 
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problem: reduce cost of fibrous 
insulating parts without 
sacrificing quality 


solution: Duroid ZOO 


Right now DUROID 700 offers a cost advantage over equivalent 
fibrous insulating materials. But that is only one reason for using 
this extremely tough, homogenous insulation. It offers excellent 
arc resistance and dry dielectric strength. Furthermore it retains 
its dielectric strength to a large extent under high humidity. It 
also affords fabricating advantages — in that it can be formed 
as well as blanked, scored, slit and sheared. 

For improved insulation at lower cost, specify U.L. listed 
Duroid 700. For an end cost that is still lower, have Rogers 
fabricate your finished parts. 

For technical data, please write Dept. M. 











LS ENE SEER emer 0.062 Bursting Strength (psi) ................ .. 2000 

Density (gr/cc) 1.20 Water Absorption (%-24 hrs.) —... 50 

Weight (gt/cu. i.) nccccoccnennnneee 20.9 Ash (%) 0.50 

TEST Tensile (lengthwise-psi) ............... 23000 Dielectric Strength (VPM-BD) .... 500 
VALUES Tensile (crosswise-psi) 2.ecco.» 7000 Dielectric Strength (VPM@7%MC) 300 
Flexural (lengthwise-psi) ........... 26000 Arc Resistance (S€C.) cecum 75-100 

Flexural (crosswise-psi) ............... .. 15000 Rockwell Hardness (R Scale) 85 

Compression Strength (psi) .... 41000 Oil Resistance Good 








ROGERS CORPORATION 


ROGERS, CONNECTICUT 


DUROIDS + SHOE MATERIALS + ELECTRICAL INSULATION + PLASTICS * RUBBER + FABRICATING + DEVELOPMENT 
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strength and stiffness of the 
called “hard” polymers, such as 
the acrylics and polystyrene. 

Recently, Dale E. Jackson and 
Don A. Moore, E. I. du Pont de 
Nemours & Co., decided to inves- 
tigate Orlon, Dacron and nylon 
fibers in the form of needled batts 
as reinforcing agents for acrylic 
sheets. The needled batt struc- 
ture, now commercially available, 
consists of random nonwoven 
fibers 2 to 4 in. long. The fibers 
are held together mechanically as 
a result of a needle punching op- 
eration. Other structures, such as 
woven cloth and synthetic fiber 
papers, were also investigated. 
Polymethyl acrylate was chosen 
as the matrix because of its excel- 
lent weatherability. 
Fiber content important 

The investigators, who pre- 
sented the results of their find- 
ings at the 1957 Technical Con- 
ference of the Society of Plastics 
Engineers, found that physical 
properties, particularly impact 
strength, of the reinforced sheets 
varies with fiber content rather 
than with structure of the rein- 
forcement. Acrylic sheets con- 
taining about 25% of Orlon fibers 
are formable with simple vacuum 


























































Acrylic Orion. Dacron— Nylon- 
Acrylic Acrylic Acrylic 


Tensile Strength, |O0O0 psi 
oN fF OH @ 
a 


Tensile strength of acrylic and syn- 
thetic fiber-reinforced acrylic sheets. 





b 
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Acrylic Orlon— Dacron— Nylon- 
Acrylic Acrylic Acrylic 


ft-\b/in. of notch 
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Impoct Strength, 











Impact strength of acrylic and syn- 
thetic fiber-reinforced acrylic sheets. 








where can you get 


vob beek=pet_pcovet-Hmr-h ene! 
metallurgical accuracy 
in tool steel castings? 


The quality of tool steel castings depends heavily 
on metallurgical control and foundry techniques 
which can be acquired only through long experi- 
ence in handling tool steels. That’s why it will pay 
you to get your castings directly from Crucible, 
largest and leading producer of tool steels. 


Only Crucible can furnish precision castings in 
Ketos, Rexalloy, Rex M-2, Rex AA, Airkool, 
HYCC and Airdi 150—tool steels that solve wear, 
abrasion and temperature problems when ordi- 
nary alloys fail. 


Crucible Accumet® Precision Investment Tool 
Steel Castings are regularly produced with a tol- 
erance of +.005” (and even + .002” or +.003”) 


and a surface finish of 125 RMS to 62 RMS. 
in almost any shape or configuration. 


Uniformity in response to heat treatment. Cru- 
cible quality control, from heat to heat, and com- 
plete inspection facilities ensure the uniformity 
in hardenability so necessary for successful tool 
steel castings. 

Crucible Accumet Tool Steel Castings can help 
you reduce costs and improve product perform- 
ance. Consider Crucible’s extensive facilities and 
experience when you need either investment or 
sand castings. Write for free booklet to: Crucible 
Steel Company of America, The Oliver Building, 
Mellon Square, Pittsburgh 22, 
Pennsylvania. 


..and 


first name in special purpose steels 


For more information, turn to Reader Service card, circle No. 384 
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mow magnesium castings for 
high temperature applications 


Now you can enjoy the high strength-weight ratio of magnesium at high 
temperatures. Alloys now being cast by Rolle have the tensile strength and 


creep resistance modern jets and missiles demand . . . even at temperatures 
above 600F. 


Developed by Magnesium Elektron Ltd., these rare-earth magnesium alloys 
were pioneered in this country by Rolle personnel. And in the hands of Rolle 
foundry engineers, the published specifications of the alloys are being real- 
ized to the utmost in casting after casting. 


As a specialist in the sand, permanent mold, shell, and investment casting of 
the light metals, Rolle can offer you unrivalled experience from design 
through pouring and testing . . . whether you need creep resistance above 
600F or not. Take advantage of that experience by bringing your casting 
problems to Rolle. You'll be assured of the best possible casting in the one 
alloy that meets all your needs, and at the same time, you’ll save time, 
trouble, and expense. 


FREE 57-PAGE ENGINEERING MANDAL helps you design and specify 








| aluminum and magnesium castings. Available on letterhead request. Write 

for your personal copy. 

en . 

func | MEOLLE 

! in Rolle laboratory ! 

| controlled castings | MANUFACTURING COMPANY 
| i i 
estes katplibdh-coaumeseatieunniremenanas ia 303 Cannon Avenve, Lansdale, Pa. 
For more information, turn to Reader Service card, circle No. 409 
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techniques. However, ease 
formability of acrylic sheets de- 
creases with increasing Orlon 
fiber content. The investigators 
recommend the use of matched 
molds in forming acrylic sheets 
containing more than 25% of 
Orlon fibers. 

Dacron and_ nylon-reinforced 
acrylic sheets showed much higher 
impact strengths than Orlon-rein- 
forced acrylic sheets. 


Plastics Foam Used 
in Metal, Wood Panels 


Foamed_  polyethylene-insulated 
panels of aluminum, wood and 
glass are commercially available 
from Aluminum Co. of America, 
1501 Alcoa Bldg., Pittsburgh 19, 
Pa. Alcoa says it hopes to be in 
full scale production of the panels 
later this year. Initially, the in- 
sulated panels will be sold in 
widths up to 48 in. and in thick- 
nesses up to 6 in. 

The panels are made with a new 
continuous bonding process de- 
veloped jointly by Fred Robinson, 
of Robinson Industries, Inc., Cole- 
man, Mich., and Ralph Stolle, of 
Stolle Corp., Cincinnati, Ohio. 
Aleoa says the insulated panels 
should find use in the refrigera- 
tion, transportation, appliance 
and marine industries. 


Triacetate Fibers Can 
Be Made Anti-Static 


Development of a process that 
imparts permanent anti-static 
properties to triacetate type syn- 
thetic fibers was announced re- 
cently by Celanese Corp. of Amer- 
ica, 180 Madison Ave., New York 
16, N. Y. The process creates a 
skin of cotton-like cellulose around 
each synthetic fiber filament. This 
skin, constituting about 2% of the 
total fiber, is an integral part of 
the fiber and, according to Cela- 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre: 


Sho 


TAYLOR 


Talk 


PISRE CQ. 


Plants in Norristown, Pa. and La Verne, Calif. 


PHENOLIC—MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Tips for designers 





Indexing cams to position bottles under filling 
machines are made of Taylor Grade CEF phenolic 
laminate . . . replacing metal cams, they save 
money by reducing bottle breakage, avoiding rust. 





Gas pump impeller unit is fabricated of Taylor 
Grade LE-6 phenolic laminate . . . economical, 
light-weight, wear-resistant . . . chosen because of 
strength, stability. 


© 





Automobile clock is securely and economically 
mounted on inside surface of metal dashboard, 
with a spacer fabricated from Taylor vulcanized 
fibre. 





on 


Aircraft landing gear bearings are fabricated 
of Taylor Grade LE-6 cotton base phenolic 
laminate to meet requirements of dimensional sta- 
bility, wear resistance and low moisture absorption. 





TAYLOR’S NEW 
COPPER-CLAD LAMINATE 


Cu-246 


...ls now available for your vol- 
ume production of printed cir- 
cuits. High purity rolled copper 
surface is adaptable for all 
circuit production methods. 
Cu-246 is produced in all stand- 
ard sheet sizes...in thicknesses 
from .020” to .250”. 














Special purpose gear is fabricated of Taylor Grade CEF phenolic laminate 
for Hadley Gear Mfg. Co. Taylor punches the gear blank to an I.D. 


tolerance of + .001”.. 


. material was selected for its excellent punch- 


ability, good machineability, moisture resistance and impact strength. 


Taylor delivers precision parts 


..- geared to your production schedule 


The inside diameter of this gear 
blank was punched to a tolerance 
of + .001” by Taylor’s Fabrica- 
tion Division—an example of the 
close tolerances which Taylor can 
meet. Taylor has special tech- 
niques and facilities for handling 
this type of work—acquired 
through years of experience in 
fabricating all kinds of laminates. 


Taylor Grade CEF phenolic lam- 
inate was selected as the material 
for the gear blank—to take ad- 
vantage of this laminate’s excellent 
punchability and machineability 
as well as its moisture resistance 
and impact strength. 


You can put Taylor’s facilities 
and techniques to work improving 
your product. Taylor can deliver 
precision parts, such as this gear 
blank, fabricated to your most 
exacting specifications . . . geared 
to meet your production schedule. 


When you have a problem of ma- 
terial selection or close-tolerance 
fabrication, or product design, 
check with Taylor. Chances are 
that Taylor’s staff of home and 
field office specialists can help you 
in any or all of these essentials to 
a good product. Call or write your 
nearest Taylor sales office for a 
discussion of your requirements. 


For more information, turn to Reader Service card, circle No. 465 


ED 


NOVEMBER, 1957 « 215 






i 



































































The RIGHT rivet, plus the RIGHT riveting machine will 
produce a fastened assembly at the RIGHT low cost 








The correct combination of rivet and ma- 
chine requires expert knowledge available to There are 
you through Chicago Rivet engineers. Gucugo Kei et 


Anticipated production, type of materials Machines that eal 
to be fastened, assembly shape and its ex- 
pected service life are factors to be consid- 1 J 
ered. Decisions must be made on a rivet J q 
metal or alloy. Type and size of rivet, shape 2 

of head and shank, depth of tubular section 3 I t Ni 
must be all determined. Are indexing fixtures 
and multiple setters indicated? Can a stand- 4 J | J J 
ard rather than a special rivet be used? 


These are the type of questions Chicago 5 Rt ft q q q 


Rivet Engineers are daily answering for in- 
dustry. Their recommendations are avail- 6 q q 7 7 q q 


able to you without cost. We suggest you Tubular or Split 
send a blueprint or sample assembly with Deke At oo Tine 


your inquiry. 


, Z , Ce & MACHINE CO. 


965 South 25th Avenue FOR YOUR FILES 


Rivet catalog describ- 
















Bellwood Ill. (Chicago Suburb) ing 1388 standard tu- 
ular and split rivets 
Branch Factory: Tyrone, Pa. and 26 single and 


multiple automatic 
rivet setters. 
For more information, turn to Reader Service card, circle No. 
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nese, cannot be removed by was 
ing. 

The new process uses inexpe | 
sive chemicals and can be used 
with conventional dyeing and fin- | 
ishing equipment. It is applicable 
only to Celanese Corp.’s triacetate 
fiber, Arnel, and will not work on 
other synthetic fibers such as poly- 
esters, acrylics and nylon. 


New Type Teflon Film 
May Be Available Soon 


Film made from an extrudable 
grade Teflon resin called 100-X 
perfluorocarbon (see MATERIALS & 
METHODS, Nov ’56, p 162) is now 
being evaluated by E. I. du Pont 
de Nemours & Co. The company 
says sample quantities of the film 
will be available upon completion 
of semiworks facilities. Actual 
full-scale production of the resin 
is not expected until 1959. 

According to Du Pont, film 
made from Teflon 100-X has out- 
standing’ electrical insulating 
characteristics, particularly at 
high temperatures; the film is 
capable of continuous service at 
400 F. Printed circuits and other 
high temperature electrical ap- 
plications are particularly prom- 
ising uses for the film. 

The price of the film is expected 
to be considerably higher than 
that of polyester, cellophane and 
cellulose acetate films. 


Flat Aluminum Wire 
Is Rounded on Edges 


Round edge, flattened aluminum 
wires, made in thicknesses rang- 
ing from 0.020 to 0.187 in. and in 
widths from 0.063 to 1.0 in., are 
now commercially available from 
Kaiser Aluminum & Chemical 
Sales, Inc., 919 N. Michigan Ave., 
Chicago 11. 

The wire is recommended for 


Lo 
> 


n 
i] 


iT 





sii “es 
ee OKO 
OK 7 FO 09, 3 2,018 
OR ay ORS ie 3, ry mS oy 
SOR stz,st AY ares 


ats ORO 


@'#,% 6,2 
£3 SERPS OK Ox 
KY Serene 
wo.009 
i) FOR: Dy 2 SG 
#090 o'e,e'e 
WS 05 S42 af, 0s 
EOS OR By 
sf RO “ xO) 
ORS Es 
xe 
SOx aN! ofan" 
Bateateatestes e 
BLEED 
ORR: aed ed 
y ats PORO POL 
OK DR PELE. 03,0" 
as PERO 
ESE LRS 
YY * 


OF > 3 


- +8 
@’¢ é ROLL a s.2 O04 
UR ayn'e, ie, 2,080 xb 
>; 8 <s RY +) OF ORL 9,8 
td hed) > “, > 0 oe 


Ot 
TAY. 


‘ va 





*B-58 bomber designed and built 
by the Convair Division of Gen- 
eral Dynamics Corporation, Fort 
Worth, Texas. 





B-58 engine nacelle section. 
Stainless steel honeycomb struc- 
ture whose light weight is evident. 
Its strength and aerodynamic 
qualities are attested to in flight 
in the world’s fastest jet bomber. 
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For more information, turn to Reader Service card, circle No. 546 


PALS TYRGRERS ° RS 
$03 £,0'2,0'2,0 333 e'*, 
o'9,0' 20: 00° 0,0:0,0.0,0. 
SPREE 






@.4 
e. 
e, 
4°: 





‘ie. . 





x 
ry YX YX 


eee 2,0°8,0 e's ey 
PEROT sis SS 'ge Beeis's 
vista Seiele.e 
SYR ORS esses oie 
2,0'8, se 0° 0,018,018, 
OK 0,012.0 0,0' 9,0; 8, 
50! 9,0: 






% ”*y 
0600. 


Ox 






ie 
> & 


o9 
oe 






 & 
* 


KA» 
~~ @ 
“e 






* 
A 
$ 






ia 


<-* 
et 






xy 
) 







@ 
& 

* « 
os 
“e 






* 






. Se 
Ce ee Se st ol ee et 


02 23 0% @ 


<y 
8 xAx 


. 
o- 
€ 






& Oe 
. ot 
Au 





| ry 
Pol 





x 





” « 


@ © 
Oo 
xe 
LA 
AIX 
a @ 


 . 


& 





PPOs Sees 






'® 
@ 
A, 

¢ 






% 


* 
A 
e 





id 







KJ 
@ 





oe Oe 
PO 


¢ 






Bis, 
Ce eS 






ae 


& @ @ 






ry 
e 


Jui 






Re 


WILL ALWAYS BE 
THE BOND” 


Sp. 
AX 
o. 





ip te 


® 
Se 
eS 





tee 
~ 






@« 





a 










a 





> 4 
_ =. 





Os 
2 
. 

Ge” eae 





xa 
“@ 





SS 


OOD 


ey 


ae 





> 

</9,0 > 
OK oR > 

es 02.0" 


ale Jd apes 
aH S aes aa, 
sass 


+ 






i 


a 







© 
eo). 


_ 





Sy, 


oe 
oe 28 aa 







2. 





This is a direct quote from a recent article on honeycomb structures in 
Aeronautical Purchasing magazine. It states exactly what authorities in the 1 |] 
field of supersonic speeds already know, and clearly points up the aims and 
activities of Handy & Harman in this critical and challenging field. | 

One of the most significant applications of the honeycomb sandwich 
can be found in the United States Air Force new supersonic bomber, the 
B-58.* Elements of this “missile with a man in it’ are made of high-strength 
stainless steel honeycomb sandwich, bonded with Handy & Harman special 
silver brazing alloys — a method which permits honeycomb assemblies of 
virtually any size. 

The honeycomb principle needs no further testimonial. Indeed, the prob- 
lems it solves and the obstacles it overcomes now can mean only that its future 
is immensely promising. Work with all kinds of materials; metals, ceramics, 
— paper, etc., is now in progress to further increase its present great 
values 

Handy & Harman, with its knowledge and facilities in the field of joining 
metals, can be of great help to you in many of these honeycomb sandwich | 
research areas. Many of the developments in silver alloy brazing, heating | 
methods, production techniques and the formulation of special alloys for spe- | 
cial needs, were originated by Handy & Harman. Your efforts in devising new 
methods in metal joining and in meeting present bonding needs can be helped, | | 
in large measure, when you call on Handy & Harman. | 



























Your NO. AMM Source of Supply and Authority on Brazing Alloys emcss ns nuu 


HANDY & HARMAN 


BRIDGEPORT, CONN 
PROVIDENCE, R 8 
General Offices: 82 Fulton $#., New York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 






CHICAGO, KE 
CLEVELAND, OHIO 
DETROIT, MICH 

OS ANGELES, CALF 
OAKLAND, CALIF 
TORONTO, CANADA 
MONTREAL CANADA 
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U.S. PAT, 2,288,329 


INTER-LOCKING FEATURE 


OPEN 
CHANNEL READY FOR USE 










~--INTER-LOCKING -- 
FEATURE 


INTER-LOCKING FEATURE 


CLOSED 
ASSEMBLY COMPLETED 












Self-Locking Rubber Channel 
for Mounting Glass in Body Panels 


Its one-piece design locks and seals 
in one operation. No extra locking- 
strip needed. It’s the faster, sim- 
pler method for mounting glass in 
any type body panel—truck, trail- 
er, bus, boat, train, plane, etc. 


Extruded with inter-locking fea- 
ture at direct right angle to body, 
the Continental Channel permits 
unhampered insertion of glass. 
Locking tongue is pressed into its 
matching groove which forces the 
lips against both the glass and body 
panel—a more positive seal with 
exceptional push-out pressure. 


Compounded for maximum 
weather resistance and extra long 
life. Close durometer tolerances are 
held for uniformly tight seal against 
moisture and surest possible lock- 
ing. These rubber channels can be 
positioned first on either glass or 


body panel. All details are shown 
in illustrated brochure gladly sent 
on request. 

Ordered and re-ordered by the 
most prominent body builders, 
this Self-Locking Channel is an- 
other example of the creative 
thinking and ingenuity behind 
rubber parts by Continental. When 
you need rubber parts to do a 
specific job, call a rubber specialist 
during the planning stage. This 
often makes for economy as well as 
better end results. Call Continental 
—rubber specialists since 1903. 
Engineering catalog. 

In addition to custom-made parts, 
Continental offers an extensive line of 
standard grommets, bushings, bump- 
ers, rings and extruded shapes. Hun- 
dreds of these are shown in the No. 
100 Engineering Catalog. Send for a 


copy or refer to it in Sweet’s Catalog 
for Product Designers. 


Cthuwther ubivemnt in POBBLL? 
onpirenad ly CONTINENTAL 


CONTINENTAL RUBBER WORKS + 





1985 LIBERTY ST. « 


ERIE 6 + PENNSYLVANIA 


For more information, turn to Reader Service card, circle No. 449 
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use in such electrical items 

primary and_ secondary trans 
former windings, current limiting 
reactors, welding transformers. 
d.c. generator commutator wind- 
ings, and armor for cable and 
magnets. Other uses include orna- 
mental grillwork and zippers. 


Adhesive Designed for 
Sandwich Constructions 


A new adhesive, designed spe- 
cifically to eliminate the need for 
core priming in aircraft and mis- 
sile sandwich component fabrica- 
tion, has been developed by 
Narmco Resins & Coatings Co., 
600 Victoria St., Costa Mesa, 
Calif. 

Trade named Narmtape XP-108, 
the adhesive consists of a nylon 
carrier impregnated with a modi- 
fied phenolic resin and over-coated 
on one surface with a highly mo- 
bile filleting resin. According to 
the producer, the addition of the 
filleting resin eliminates one of 
the most time-consuming steps in 
the fabrication of a wide variety 
of aircraft missile structures of 
bonded sandwich design. Previ- 
ously, it was necessary to prime 
a metallic sandwich core to obtain 
proper adhesive filleting action, 
then air dry the core for 2 or 3 


MODIFIED PHENOLIC RESIN 
Pb ta FACE 





nae NARMTAPE XP-108 


NYLON CARRIER FILLETING RESIN 


Cc METAL FACE 


- 





WN 


NYLON CARRIER * 





























CIT RESIN SANDWICH CORE 


Filleting action of new adhesiv 
in atreraft and missile sandwicl: 
component bonding. 


For more information, circle No. 374 ¥ 
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Crucible 


Performance and appearance get a boost when you use 
stainless steel fasteners. For stainless resists rust, heat 
and corrosion. It keeps its good looks for a life- 
time. Stainless-fastened products won’t be marred by 
unsightly rust streaks—and they can be dis-assembled 
and assembled quickly and easily even after years of 
all-weather service. 


Stainless helps keep production costs down. Work goes 


How stainless steel fasteners 
make a better product at lower cost 


Some of the many types of stainless fasteners available to you. These were made by the Pheoll Manufacturing Co., Chicago, m ce ; 





smoothly, for fastener heads of high-strength stainless 
are less apt to burr or nick. And there’s no plating on 
stainless for a careless tool to chip or scrape away. 


You cut tooling costs, too. For now stainless fasteners 
are promptly available in just about any size or descrip- 
tion—and in any of the 200, 300, or 400 Rezistal stain- 
less series. Crucible Steel Company of America, The 
Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


PRODUCTION MEN: If you use stainless steel cold heading wire, Crucible 
can fill your needs quickly and dependably. It is regularly supplied in 
all diameters and standard grades, and in a variety of finishes. For more 
information write for your free copy of the 32-page booklet, “Rezistal 
Stainless Steel Wire.” 


first name in special purpose steels 


Steel Company of America 


Canadian Distributor —Railway & Power Engineering Corp., Ltd. 


paste ne iid Sain SR 








































You can see the difference 


... not with the naked eye, we'll admit . . . nor even with bifocals, 
but put a polished and etched sample of our new FLEXOGRAIN 
phosphor bronze under the revealing eye of the microscope and 
compare it with phosphor bronze strip generally available. 
The scientifically controlled, fine grain structure of FLEXOGRAIN 
is great for severe bending and other complex forming operations .. . 
improves fatigue resistance, surface finish and ductility 
...and cuts costly fabrication rejects to a minimum. 
At Riverside-Alloy we have always been keenly aware of the 
importance of grain size control in determining functional and 
fabrication properties of our alloys. We have been supplying 
fine grain phosphor bronze strip for special applications for 
over 20 years. Now, with our recently expanded, modern facilities, 
we can supply production quantities to meet your needs. 


For detailed information write to Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 


Technical Bulletin T-4. — 


aoe 


= nig, 


rage 


RIVERSIDE METAL 
Riverside, N.J. 


PRENTISS WIRE MILLS 
Holyoke, Mass. 


ALLOY METAL WIRE 
Prospect Park, Pa. 


H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 


For more information, turn to Reader Service card, circle No. 537 
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hr before bonding the face to the 
core. 

The adhesive, in addition to hav- 
ing good filleting action, is claimed 
to have good peel, tensile, com- 
pressive and flexural strengths. 
The adhesive is also said to have 
good resistance to aircraft fuels, 
salt spray and commercial gol- 
vents. 


Chromized Steel Sheet 
for Hot Applications 


A chromized SAE 1010 steel 
sheet has been developed by Chro- 
malloy Corp., 450 Tarrytown Rd., 
White Plains, N. Y., to replace 
type 430 stainless steel in a num- 
ber of applications. According to 
the producer, the chromized sheet 
has better heat conductivity than 
type 430—a characteristic espe- 
cially useful at high temperatures 
in reducing actual metal tempera- 
ture and avoiding formation of 
hot spots. 

Other advantages claimed for 
the sheet material are: 

1. Its cost, 49¢ per lb, is said 
to be considerably less than that 
of type 430. 

2. It can be easily bent, staked, 
drawn and welded without crack- 
ing. 

3. The chromium skin is inte- 
gral with the base metal and can- 
not be separated from it. 

4. The chromium skin on the 
steel does not spall, peel, flake or 
chip after cold forming operations. 


Improved Deadener 
Banishes Fire Hazard 


An improved automotive under- 
coating has been developed to 
eliminate the fire and _ health 
hazards which often accompany 
the handling and use of these 
materials on the production line. 
Called No. 42 Deadener and pro- 





He’s Ready to Hammer Out Anything You Give Him 


When this photograph was taken in the Bethlehem 
| drop-forge shops, the operator was pounding out an 
order of steam-trap bodies. Right after he finished, 
there was another job waiting for him to handle. It 
bore no relation to steam-trap bodies, nor did the 
forgings he made in the several weeks that followed. 
No two jobs were alike. 

A Bethlehem forge-shop man is prepared for all 
designs. He’s ready for anything. Once in action, he 
makes those hammers and presses dance, and they 
dance to his tune. He’s a man who knows his craft. 


BETHLEHEM STEEL 


That’s one of the reasons why Bethlehem closed- 
die forgings are unexcelled anywhere. Other vital 
factors are quality steel, an alert metallurgical serv- 
ice, and first-class treating and inspection facilities. 
All of these Bethlehem has. Whenever you need 
closed-die forgings ranging from one to 250 lb, we 
suggest you call us. We’ll cooperate fully. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 


Export Distributor: Bethlehem Steel Export Corporation eee, cee 


BETHLEHEN 
STEEL 


vesssstlberrrrenve 


For more information, turn to Reader Service card, circle No. 475 
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See how big 3-D views speed as- 
sembly, measurement and inspec- 
tion of tiny parts. 


15-DAY, ON-THE-JOB 















































Bausch & Lomb 
STEREOMICROSCOPES 














These essential production tools make small-parts manufacture faster and 
easier, make precision surer. Views are vivid, magnified in natural 3- 
dimensional detail. Complete line to fit exact model to your specific indus- 
trial needs. Dustproof, shockproof, built for rugged production-line use 
—you can mount them right on machines! 





See for yourself! Use a B&L Stereomicroscope on your own job for 15 





days—absolutely free, no obligation. All we ask is the opportunity to let 





COSINE [nce mmm mmmaaee “ 


prove themselves to you. |! BAUSCH & LOMB OPTICAL CO. 

Just call your regular | 83323 ST. PAUL ST., ROCHESTER 2,N. Y. 
B&L dealer, or mail the | 
coupon today. 














Yes, I'd like to borrow a B&L Stereomicroscope 
for a 15-day trial without cost or obligation. 


Send me B&L 3-D Micro-Vision Book, contain- 
ing valuable data, showing actual stereo views. 


BAUSCH 6 LOMB 


VW 
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duced by Phillip Carey Mfg. ( 
Lockland, Cincinnati 15, Ohio, the 
undercoating is said to be non- 
flammable, nontoxic, non-explosive 
and odorless. The undercoating is 
designed specifically for use on 
steel surfaces as a sound and 
vibration deadener and as an 
anticorrosive coating. 


Three PVC Resins 


Three new polyvinyl chloride 
resins are presently being mar- 
keted by Escambia Chemical 
Corp., 261 Madison Ave., New 
York 16. The resins are: PVC 
1200, a low molecular weight 
resin; PVC 1225, an intermediate 
molecular weight resin; and PVC 
1250, a high molecular weight 
resin. All three resins are said to 
have good heat and color stability. 


PROPERTIES OF 1200 SERIES 





1200 1225 | 1250 








Ten Str, psi.......] 2670 2750 2960 
Elong, %. 280 | 300 | 340 
Modulus(100%),psi] 1870 1920 | 1940 
Shore Hard A 86 A87 | A&88 











— ai, ee 


Stainless steel plate — Shown 
above is what is claimed to be the 
first 17-4 PH stainless steel plate 
ever rolled. Produced by G. O. Car!- 
son, Inc., Thorndale, Pa., the plate 
weighs 3950 lb and measures 174 x 
79 x 1 in. In order to produce the 
plate, it was necessary to maintain 
an even temperature from the time 
the ingot was poured to the final 
rolling operation, 
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HARSHAW makes over 1,0 0 
for more than 15,000 customers in 
50 varied industries throughout the world! 






















HARSHAW sells chemicals 
— thousands of them — 
for these and many other 
industries throughout 


the world 
Abrasives Match 
Aeronautica Metallurgical 
Automotive Metal Working 
Brick and Tile Oil Cloth 
Ceramic Optical 
Cement and Concrete Paint, Varnish and Lacquer 
Cosmetic Paper 
Disinfectants Petroleum 
Electrical Manufacturing Pharmaceutical 
Electroplating Photographic 
ries Porcelain Enamel 
ngraving and Plastics 

Electrotyping 
Feed Stuff, Mineral Feed reeery 
Fertilizer Printing Ink 
Food Pyrotechnic 
Glass Refractories 
Insecticide and Fungicide Rubber 
Laundry Shade Cloth 
Leather Soaps 
Textile 


Lithographing 
Linoleum and Floor 

Covering 
Lubricant 


Veterinary Remedies 
Welding Electrodes 
Wall Paper 


For more information, turn to Reader Service card, circle No. 502 








Here are typical Harshaw chemical products 


Electroplating Salts, Fluorides 


Anodes and Processes Glycerine 


Organic and Inorganic Dry 


Preformed Catalysts, 
Colors and Dispersions 


Catalytic Chemicals 


Driers and Metal Soaps Synthetic Optical Crystals 


Vinyl Stabilizers Agricultural Chemicals 


Ceramic Opacifiers and Fungicides 


Colors Chemical Commodities 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97th STREET * CLEVELAND 6, OHIO 
Chicago « Cincinnati + Cleveland + Hastings-On-Hudson,N.Y. + Houston 
Los Angeles «+ Detroit + Philadelphia + Pittsburgh 





FREE! this 16-page booklet lists the 


many chemicals available from Harshaw. 


WRITE TODAY FOR YOUR COPY 
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K from pages 6 and 7 of our new General Catalog. No. 3354-G 


— and there’s lots more useful information about high alloy castings in our 
up-to-date catalog describing Duraloy Service. SEND FOR YOUR COPY. 


As one of the pioneers in both static (1922) and centrifugal (1931) high alloy 
castings, we have a wealth of experience to focus on your high alloy casting 
problem. Send for our catalog, study it, and then let us help you get the best 
alloying combination to solve your corrosion, high temperature and/or 
abrasion problem. 







OFFICE AND PLANT: Scottdale, Pa. 


EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y. 
ATLANTA OFFICE: 76—4th Street, N.W. 

CHICAGO OFFICE: 332 South Michigan Avenue 

DETROIT OFFICE: 23906 Woodward Avenue, Pleasant Ridge, Mich. 


For more information, turn to Reader Service card, circle No. 582 
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Bracket redesign—cont’d from p 1 





6. Casting design No. 3. This 
time walls are reduced even further 
so that weight of part is now 2.75 lb. 
Stress analysis of this casting, how- 
ever, showed that the part cracked 
at 15 ft-lb torque. 


7. Casting design No. 4. The final 
casting, now weighing 2.90 lb (con- 
siderably below the original), was 
found under stress analysis to sus- 
tain nearly 3000 Ib load at less than 
0.30-in. deflection—almost 2200 Ib 
above specifications. 





Largest Radar Board 
Uses Acrylic Sheet 


A single panel of cast acrylic, 
30 ft long, 19 ft wide and 1% in. 
thick, is used in what is claimed 
to be the world’s largest radar 
plotting board. 

Designed and erected for the 
Air Defense Command by Brooks 
& Perkins, Inc., the plotting board 
was fabricated at the job site 
from eight 100 x 120-in. sheets— 
the largest thermoplastic sheets 








[D mai HM CY 


yh 








RICHARDSON 





Each of the molded parts pictured 
at the right has specifications 
which call for special 
materials—often with unusual 
properties. All called for 

creative design. The volume 
production of these parts is proof of 
the thoroughness with which we 
approach your problems and 

the quality put into the 

finished product. 


Send for the Richardson Molded 
Catalog or Glossary of Plastic 
Terms. There is no obligation. 
Write Dept. 27, 0000 Lake Street, 
Melrose Park, Illinois. 





RICHARDSON 


PLASTICS 
LAMINATED and MOLDED 











IMPROVES 
ealeliel-lem-lebiom cel-ta c— 


Made of special moisture resistant phenolic. Withstands the extremes 
of high heat and intense cold, strong torque action, and corrosion and 
cavitation resulting from circulation in the car’s cooling system. 


timing gear 


Working from manufacturer’s specifications, Richardson engineers 
developed a new material which resulted in excellent flexural strength 
in the web section and good bond in the laminate section—which 
permitted easy cutting of gear teeth with proper tooth strength. The 
change to plastic gears has made fabrication easy, operation is quieter, 
and gear life has been tripled! 


aA radio antenna mast base 


This part has good surface appearance, high impact strength, high 
dielectric strength, and is water and weather resistant. Material 
specified was black phenolic with an attractive high gloss finish. 


eS 


\ AN ___i.-=-<< dashboard light lens 








eit 


rer: 


Original part was a clear lens. Specification changes called for a 
translucent lens. Sandblasting the mold or the clear parts was rejected 
because it would add to the unit cost. Instead, Richardson engineers 
worked out a special light transmitting polystyrene lens which resulted 
in a 15% reduction of lens cost. 


the RICHARDSON COMPANY 


Founded in 1858 


Dept. 27 © 2782 LAKE STREET * MELROSE PARK, ILLINOIS © SALES OFFICES IN PRINCIPAL CITIES 
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When a metal blank is 
upset, it will flow into 
the upsetting die and 
the grain structure will 
be changed into a pat- 
tern of smooth curves 
that conform to the die 
shape, resulting in a 
product with equal or 
greater strength than 
that of the blank used. 


MAXIMUM ECONOMY 


The upset process is well 
suited to produce articles at 
or near the finished sizes; 
thereby reducing the 
amount of raw material 
needed. This saving, in 
material only, can run as 


high as 80%. 









EAST CHICAGO, INDIANA 


FOR SUCH PARTS AS: 


Valve Stems 
Pinion Gears 
Cluster Gears 
Boiler Braces 
Pipe Couplings 
Trunnion Shafts 
Chain Pins 

























MATERIAL— We can form Rounds, Squares, 
Hexs, of steel, monel, stainless, bronze, 
hastalloy, etc. in sizes from %” to 3” diameter. 
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Lightweight plastics sheets are 


bonded to form largest radar board, 









manufactured. The sheets were 
prepared with butt joints and 
bonded together with quick set- 
ting cement. The bonds are said 
to have excellent optical charac- 
teristics and to be invisible under 
normal light. Under the strong 
edge lighting of the radar instal- 
lation, the bonds show up as faint 
white streaks. 

Edge lighting is provided by 
thin fluorescent tubes mounted 
directly to all four edges of the 
giant sheet. A magnesium chan- 
nel forms the framework of the 
installation and also conceals the 
edge lighting. Total weight of the 
panel, including the magnesium 
frame, is 3750 lb. 


Exchanger Unit Made 
Entirely of Stainless 


A heat exchanger unit recently 
completed by M. W. Kellogg Co. 
is fabricated entirely from type 
321 stainless steel. It was de- 
signed to withstand pressures 
above 600 psig and temperatures 
above 650 F on the shell and tube 
sides. 

Each U-type tube bundle shell 
(see photo) has a 29-in. id. In 
fabricating the unit, the tubes 
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Heat exchanger is checked for 
alignment. 


were expanded into grooved tube 
sheets and then welded by means 
of inert gas tungsten arc welding. 
The welds were hydrostatically 
tested, then tested for leaks using 
the ammonia sulfur dioxide detec- 
tion method. All welds were 
ground smooth and flush, radio- 
graphed and die-penetrant tested. 


Urethane-Insulated Door 
Is Strong, Lightweight 


By sandwiching urethane foam 
between sheets of galvanized steel, 
aluminum or stainless steel, Clark 


Door Co. has come up with a cold 
storage door that is not only 
better insulated but also struc- 
turally stronger and half as heavy 
as conventional doors. Moreover, 





Du Pont 
Wooden frame is wrapped with 
sheet metal prior to pouring foam. 





CRACKING Problems 
with 316 and 347 Stainless? 


HERE’S WHY: New CHAM- 
PION 16-8-2 Stainless Electrodes 
have a composition which has 
much higher hot ductility than 
any other grade of stainless. Pro- 
duces freedom from cracking in 
weld, zone of fusion, or parent 
metal. 





HERE’S WHY : Tests reveal that 
this composition is not subject to 
embrittlement on aging, and pos- 
sesses very good stress-to-rup- 
ture properties. 


freedom from CRACKING 





eee .- CHAMPIONS. ...............- 
16-8-2 Electrodes Offer 


& 
eeeeeeceeespeeeseseeeeeeeeeeeee 


HERE’S WHY: Lime type coat- 
ing deposits extremely clean, 
sound weld metal. Handles well 
in all positions. Low spatter. 
Easy slag removal. Smooth, even 
and finely rippled weld bead. 


\ 





Excellent mechanical prop- 
erties are accomplished with 
CHAMPION 16-8-2 Welding 
Electrodes: 


WOES lb enttdacnonsandi 61,000 psi 
Cn 92,000 psi 
Elongation in 2” .......... 50% 


Reduction of area ....61.8% 





The chemistry is closely con- 
trolled to produce less than 
4% ferrite in the deposit. 


Typical chemical analysis is 


as follows: 


Carbon .08 Chromium 16.19 
Manganese 2.24 Nickel 8.00 





Silicon .37 Molybdenum 1.79 





Other stainless requirements: CHAMPION offers a complete line 
of stainless electrodes in a full diameter range from 5/64” to 1/4”, 


lime or AC-DC coated. 


FOR FULL DETAILS on CHAMPION’S 16-8-2 or 
other stainless electrodes write to: 


ww... he CHAMPION Rivet Co. .......... 


Cleveland 5,Ohio e 


East Chicago, Indiana 
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100 PARK CLOSED-DIE FORGINGS 


. Wt. 2750 Lbs. Ea. A 


SAVE EA 
MACHINING TIME ILS 


Eliminate 


“POROSITY REJECTS’ 







for manufacturer 
of automotive 
glass-making machinery 


A Park sales engineer showed this manufacturer of an automated 
glass-making line how to save money by using large, closed-die 
forgings. These Park closed-die forgings were closer to being 
completed parts—needed a minimum of final machining. Uniform 
in quality, they required less inspection. And there was no danger 
of investing expensive machine time in parts—then have them 
rejected because they contained “blow-holes” or porosity defects. 


One of the largest production runs of closed-die forgings ever 
scheduled for the machine tool or machinery field, these 700 
forgings, each weighing 2750 Ibs., were produced in Park's shops 
in record time. 


Let our sales engineers show you how a Park closed-die forging 
can cut down machine time and rejects — increase strength and 
safety on your product requirements. 


Die Forging Specialists Since 1907 


THE PARK DROP FORGE CO. 


775 EAST 79TH ST e CLEVELAND 3, OHIO 





Carbon, Alloy, Heat-Resistant Alloy, and Stainless 











= Steel Closed-Die Forgings from 5 Ibs. to 5000 Ibs. 7 
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Liquid urethane is poured into sev- 
eral door frames at a time. 


the doors are easily and economic- 
ally fabricated. 

First step in fabricating the 
doors is to provide a frame for 
the foam. Since urethane foam 
adheres equally well to metal or 
wood, a simple wooden frame is 
sufficient. Sheets of galvanized 
steel, aluminum or stainless steel 
are then wrapped around the 
frame (see photo above), and 
liquid foam is poured through 
slots at the edge of the door 
frames. The foam expands within 
10 min and is allowed to stand 
overnight (see photo below). The 
door is sealed and, after hardware 
is added, is ready for use. 


Welding Titanium 
in Plastics Bubble 


A transparent, flexible vinyl 
bubble is providing an easy-to- 
set-up, inert-gas enclosure for 
welding titanium engine parts at 
Pratt & Whitney Aircraft. Fabri- 
cated by Pioneer Valley Plastics 
Co. and using Bakelite’s vinyl, the 
argon-gas-containing welding tent 
is 4 ft high and 4 ft in dia. It is 
lightweight, tough and resistant 
to tearing, and it has a low gas 
transmission rate. 

In welding titanium inside the 
plastics bubble, the part is put in 
place and argon gas piped in. The 
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Heater housing, a premix molding by Woodall Industries, Inc., Detroit, Michigan. 


Premix moldings save time, money and trouble 


If your product calls for reinforced plastics, you'll save 
time, money and trouble with premix moldings. Small or 
large, simple or complex, you'll get quality molding faster 
and at less cost when resin and reinforcing fiber are blended 
beforehand. 


Premix moldings eliminate resin-rich areas, provide uniform 
wall thicknesses and strength. They eliminate many finishing 
operations necessary in hand lay-up molding. Slots, grooves, 
holes, bosses and parts with varying wall thicknesses are 


formed in the mold. For strong, rigid, reinforced plastics, 
premix moldings have proved ideal . . . on the production 
line as well as in the finished product. 


Polyester resin with Dow Vinyltoluene or Dow Styrene 
offers all the special properties necessary for successful 
premix moldings. Specify resins based on vinyltoluene—Dow 
supplies vinyltoluene to resin manufacturers. THE DOW 
CHEMICAL COMPANY, Midland, Michigan, Plastics Sales 
Department 1888J-1. 


YOU CAN DEPEND ON 
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How Magline Magnesium Helps 


+t 0 Od —ae —» Gd Me) | fd -3 | 





Time: /nternational Geophysical Year 

Launching Site: Fort Churchill, Canada 

Objective: Upper air research ... 100 
miles above the earth 


Magnesium is playing an important role in 
the success of the Nike-Cajun sounding 
rocket. Cost-saving design components, 
made by Magline have eliminated earth- 
binding pounds from the rocket . . . while 
meeting the rigid demands of supersonic 
speeds! 

Magline magnesium improves down-to- 
earth products too. In automobiles, office 


machines, industrial equipment, consumer [; 
durables —wherever weight and cost are | Magliner Magnesium 


important, design engineers are finding 
a practical solution with magnesium. 
World’s lightest structural metal, magne- 
sium can be cast, formed, extruded, drawn 
or worked into virtually any size or shape! 
Tooling costs are lower... 
fabrication, processing, handling, assembly 


machining, | Address 
Ic 


costs too! Put Magline experience to work | 


University of Michigan Probe Mysteries 
of Upper Atmosphere 


for you. Four plants to serve you... with 
complete facilities for cast or fabricated 
products. Design and technical service 
available. 


MAGNESIUM COMPONENTS 
OF NIKE-CAJUN ROCKET: 


A Coupling is a cone-shaped magnesium sand cast- 
ing which keeps the two stages of the rocket integral 
until differential drag separates them. 


B® Each Nike fin assembly consists of a four-piece 
quadrant and fin. Quadrants are magnesium sand 
castings. Fin is a weldment of magnesium structural 
plate and magnesium sand castings. 


Please send me my copy of Data Bulletin M-50 on 


Check interest: 
(_] Die Castings [_] Sand Castings 
[_] Permanent Mold [_] Fabrications 


Name__ 








MAGLINE INC., P. 0. BOX 4111, PINCONNING, MICHIGAN 


Canadian Factory: Magline of Canada, Ltd., Renfrew, Ontario 
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Vinyl bubble makes titanium weld- 
ing easier. 


argon forces atmospheric air out 
through several small valves at 
the top of the tent and its pres- 
sure keeps the tent inflated 
Sleeves with attached gloves are 
built right into the tent to provide 
the welder with ready access to 
the part and, at the same time, 
prevent the gas from escaping. 
In addition, a shield is provided 
to filter out the harmful glare of 
the electrode. 

A modification of this welding 
technique is used for certain 
steels where helium gas is used 
instead of argon. 


Plastic-Coated Tubing 
Resists Acid Fumes 


After six years of service in a 
paper mill, polyethylene-coated, 
light wall, welded steel conduit 
has outlasted standard heavy wall 
electrical conduit ten to one in 
highly corrosive atmospheres. 

Previously, sulfurous acid fumes 
thrown off from the mill’s wood 
chip digester retorts combined 
with moisture to corrode standard 
heavy wall steel conduit so badly 
in certain mill areas that it had 
to be replaced as often as every 
six months. Six years ago, the 
conduit was replaced with the 
standard galvanized, light wal!, 
welded steel tube coated with 


For more information, circle No. 488 > 
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Many a pedigreed calf grazing on the Argentine pampas or 
the African veldt was sired by air express! The live sperm 
of champion American breeding stock has become an impor- 
tant item of world trade. 


But packaging presents a problem. The perishable cargo 
must be shipped in dry ice at temperatures below —100°F. 


With ingenious use of rigid urethane foam, Standard Plas- 
tics, Inc., Breinigsville, Pa. cut shipping and handling costs 
for U.S. shippers. Foamed in place to fill a lightweight alu- 
minum shell, urethane makes fabrication simple and fast. 
It provides thermal insulation that safeguards the contents 
up to three weeks . . . plus all the needed structural rigidity 


and impact absorption. 
This 18” x 18” x 24” export container weighs oo 
only 35 pounds. Packed with dry ice, it weighs Comparable protection is afforded by urethane-foamed con- 


45 pounds, holds 100 ampules of semen and tainers for live grafts of human tissue and arteries, biopsy 
is guaranteed to maintain temperature below specimens, biologicals, etc. 


-100°F for six days in air temperature up , , ne ia 
to 85°F. Others, protect for three weeks! Unique properties, versatility, low cost and easy fabrication 


make rigid urethane foams adaptable to many other novel, 
profitable uses. Perhaps they can benefit your business, too. 


A letter outlining your potential application will help us to 
give you pertinent information about urethanes. 


8 4 National Aniline does not make urethanes but is a major producer of 
ee )) f diisocyanates-nacconates®—basic component of al] urethane formulations. 











NATIQNAL ANELINE DIEVESION Wun «40 RECTOR ST., NEW YORK 6, N.Y. 
ALLIED CHEMICAL & DYE CORPORATION 


Akron Atlanta Boston Charlotte Chattanooga Chicago Columbus, Ga. Greensboro Los Angeles New Orleans Philadelphia Portland, Ore. Providence Richmond San Francisco Teronte 

























































High Priority 


a 


As man and machines fly higher and faster, heating 
the heat problem becomes more difficult . . . 

the need for super metals more acute. This is why 
WALLINGFORD has long engaged in 

research with super alloys that will successfully pass 
the rigorous test of high temperature applications. 


Among the many super alloys researched by 
WALLINGFORD are Alloy A-286 and V-36 used for 
applications in jet engines, gas turbines and 
turbosuperchargers — turbine wheels and blades, 
frames, housings and afterburner and tail cone parts. 


An unceasing program of metallurgical research and 
highly skilled personnel qualify WALLINGFORD 
to help you, whether your need is super metals, 

or quality stainless steel strip, tube or pipe. 


Let us know your high temperature problems... 
we'll help you solve them. 


THE 


STEEL CO. 


COLD ROLLED STRIP: Super Metals, Stainless, Alloy 
WELDED TUBES AND PIPE: Super Metals, Stainless 
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Problems 


WALLINGFORD 


WALLINGFORD, CONN., U.S.A. 













“ol IY fy ded 
Republic Steel Corp, 
Polyethylene - coated light wall 
steel tubing is more resistant to cor- 


rosion than uncoated heavy tubing. 





polyethylene, and today it is in 
much the same condition as when 
installed. 

According to officials who speci- 
fied the light wall coated con- 
duit in a plant-wide replacement 
program, installation was easy. 
The plastic coated conduit re- 
quires only simple compression 
couplings, each serving as a 
union. These are sealed by 
wrapping a double thickness of 
polyethylene or vinyl-backed in- 
sulating tape around the coupling. 


500 Tons of Aluminum 
Set Record for Bridge 


A record one million pounds of 
aluminum were used in the con- 
struction of the recently completed 
3500-ft Walt Whitman Bridge at 
Philadelphia. With a central sec- 
tion spanning 2000 ft, the bridge 
uses aluminum’s light weight and 
strength to good advantage. In- 
cluded among the many operative 
and structural applications are: 

1. Ten all-aluminum overhead 
traffic light bridges spanning the 
seven-lane roadway. Each of the 
traffic control spans weighs 10,000 
Ib and has a built-in catwalk 
which allows service and main- 
tenance work to proceed without 
obstructing traffic in any way. 

2. Six all-aluminum overhead 
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- - DEXTER USES | 
ig. ' 
CAREFULLY-GUARDED KNOW-HOW 
to solve tough absorption problems* 

n 

P From stencils to pressure sensitive tapes—from hospital pads to battery separators | 

“i —and in use with all kinds of liquids—DEXSTAR Specialty Papers are solving | 

od “and filtering, laminating, tough saturation problems in hundreds of applications. | 

at insulating, coating, backing _ | 

_ and other such problems, too. Papers are compounded and manufactured to fulfill specific needs—with any 

ze desired combination of characteristics such as porosity, dimensional stability, | 

id wet or dry tensile strength, thickness, softness, etc. Each formula is developed | 

n- § through carefully guarded manufacturing processes known only to Dexter. | 
| | 

7e 

Since 1767 If you have absorption problems—look to DEXSTAR for a custom-made paper | | 

ad that will make your product more successful, more saleable. | | 
| 

: C. H. DEXTER & SONS, Inc. Windsor tocks, Conn 

00 

uk INDUSTRIAL PAPERS AND WEBS 





in- 
ut en es from Natural, Synthetic or Glass Fibers 
Typical applications: tea bags oil filters * hair wave end aids « electrolytic capacitors * vacuum cleaner bags « air conditioners * hi-temp electrical insulation * battery 


separators * disposable diapers « industrial tapes * hospital face masks * coolant filters * sachets * duplicating stencil tissue * coffee filters * flat silver wrapping ¢ edible oil 
filters © cheese processing dry cleaning tags lens tissues * chamois-like wipers * yarn dying covers plastic laminations * garment lining * luggage covering * motor windings 








ad 
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The least expensive hose is 
the one you don’t keep replacing 


Here are three lengths of hose. Take the one on the far 
right. Subjected to hot oils at high temperatures — it 
soon deteriorates and fails. Result: time out for main- 
tenance —and a requisition for a new hose. 





Now consider the hose in the center. Installed on a 
severe flexing application .. . it readily fatigues and 
fails. Result: time out for maintenance — and a requi- 
sition for a new hose. 


How often does this happen? Often enough to prove 
that “the least expensive hose is the one you don’t keep 














replacing.” Most flexible hose prob- 
| , lems are quickly solved 
| While Fluoroflex-T hose (on the far left) costs - - with — 
. so eae ° ° ex- ose assembiies 
| more initially, its performance actually results in real — as proved by over 
savings. Costly down-time, excessive maintenance — = fe — 
| (often at premium rates), product spoilage, interrupted toughest applications in 
production schedules, disappointed customers — all os pany rn 
these are eliminated by Fluoroflex-T assemblies. Consider these qualifi- 


cations: non-aging, com- 


With its chemically inert patented tube and its blow- oy: my chemically 
off proof fittings, Fluoroflex-T assemblies are ideally of —100°F to +. 500°F, 


‘ * . : il exceptional flex life, 
suited for conveying the most corrosive fluids — safely lightweight, small 0.0. 
and economically. Write for data. 1000 psi pressures. 


® Fluoroflex is a Resistoflex trademark, reg. U.S. Pat. off. ®Teflon is a DuPont trademark. 


FResistof! ex 


CcCoRP ORATION 
Roseland, New Jersey - Western Plant: Burbank, Calif. - Southwestern Piant: Dallas, Tex. 
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Aluminum Co. of America 


Aluminum side walk grating. 












sign trusses weighing a total of 
75,000 lb. Three of these struc- 
tures are placed on each approach 
to hold aluminum direction and 
route signs. 

3. A roadway lighting system 
composed of 475 specially de- 
signed aluminum lighting stand- 
ards. 

4. An aluminum grating side- 
walk. Although the bridge has no 
regular pedestrian walkway, the 
sidewalk has been provided for 
motorists having car trouble. The 
walkway, more than a mile in 
length, is composed of aluminum 
grating sections 2-1/3 ft wide 
which run the entire length of the 
bridge (see photo). 

5. More than four miles of 
aluminum railing. 

In addition, to guard against 
corrosion of steel members, the en- 
tire bridge is protected with alu- 
minum paint. 


Carbon Dioxide Welding 
for Mass Production 


For the first time, carbon di- 
oxide welding is being used on 4 
full-scale, highly automatic pro- 
duction line, according to West- 
inghouse Electric Corp. 

Used by Ford Motor Co. to weld 
rear axle housings into integral 
units (see photo), the process is 
said to increase welding speeds 
and to reduce materials and main- 
tenance costs. In Ford’s oper2- 
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STRIPPING titanium ingot from crucible fabricated from Anaconda large-diameter seamless copper tube. During melting, the crucible is water cooled. 


5 


i 


How Copper helps make superior Titanium Ingots 


SECOND 
STAGE 





SPONGE TITANIUM pressed into electrodes is 
melted in the first-stage arc furnace, forming ingots. 
Several such ingots are welded together and used 
as an electrode in the second melting. Double melt- 
ing gives homogeneous, uniform ingots. A vacuum 
in the crucible assures low hydrogen content. 


Titanium and titanium-alloy ingots 
that are homogeneous and have low 
carbon and hydrogen content are dif- 
ficult to produce. Mallory -Sharon 
Titanium Corp. of Niles, Ohio, how- 
ever, originated the double-melting 
process, “Method S,” for production, 
which does the job. 

A major factor in the successful 
production of ingots of sound struc- 
ture is the use of water-cooled cop- 
per crucibles. Mallory-Sharon found 
that copper met the requirements for 
a satisfactory crucible material, par- 
ticularly because of its high thermal 
conductivity. 

Mallory-Sharon fabricates some of 
its crucibles more easily and quickly, 
using large-diameter Anaconda seam- 
less copper tube for the body of the 
crucible. Various sizes are used for 
the crucibles—for example 20” I.D. x 


%” wall thickness; and 15%” I.D. x 
*6” wall thickness. These big Ana- 
conda tubes are now playing a key 
role in producing the ever-growing 
tonnage of the new structural metal 
so vital in the production of America’s 
jet planes. 

The American Brass Company pro- 
duces the widest range of seamless 
tubes available to industry. At one 
end are tubes in copper and copper 
alloys up to 26” I.D. At the other 
are the capillary tubes as small as 
.032” O.D. and wall thickness of 
.005”—for instrument control, acti- 
vating lines, and other precision 
purposes. 

Whatever your tubing problem, 
see your American Brass Company 
representative. Or write: The Amer- 
ican Brass Company, Waterbury 20, 
Conn. 5764 


ANACONDA 


TUBES AND SHELLS in Copper, Everdur®, Cupro Nickel, Brass 
Made by The American Brass Company 
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Investment castings 


4 ounce to 30 pounds...up to 12 inches in length 
... 160 ferrous and nonferrous alloys 


Precision Metalsmiths makes them all—a million pieces for your 
| production or a few at a time, as you develop a product. Pictured 
| above are some of the investment castings we’re making regularly. 


| Cast to close tolerances and accurate in details, such parts 
| require surprisingly little finishing. Expensive pre-assembly 
machining is avoided, since complicated parts are produced as 
single units. We do the assembling with expendable patterns. 

Send for the free book, “Pour Yourself an Assembly”, describ- 


ing this time-saving method. Precision Metalsmiths, Inc., 1077 
East 200th Street, Cleveland 17, Ohio. 





pour yourself an assembly with 


PRECISION METALSMITHS, Inc. 


Investment Castings 
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Carbon dioxide welding increases 
welding speeds, reduces costs. 






tions, parts are welded at speeds 
up to 140 in. per min. Outstand- 
ing feature of the technique is that 
the powdered flux of the sub- 
merged arc process is superseded 
by a jet of carbon dioxide that 
forces normal atmosphere away 
from the weld area. 








Repairing a casting—This putty- 
like material—a mixture of epoxy 
resin and powdered aluminum—is 
being used to salvage a defective 
casting. It is also used to cement 
gates to patterns and to make modi- 
fications in the patterns themselves. 
Developed by Smooth-on Mfg. Co., 
the material is said to be easy to 
handle and can be applied horizon- 
tally, vertically or upside down. 
Curing is accomplished by polymeri- 
zation and takes only a few hours 
at room temperature. The cured 
patch is claimed to have a compres- 
sive strength of 14,400 psi and a 
Rockwell hardness of M70. 
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SUPER PROPERTIES: High strength—tensile, 
flexural, compressive. Superior electrical 
characteristics at high temperatures and 
frequencies. Rugged resistance to thermal 
shock, mechanical shock, vibration, abra- 
sion. Hardness up to 9 on Mohs’ scale. 
Chemically inert. Permanently rigid. With- 
stand radiation bombardment without pro- 
ducing contaminants. 


OTHER PLUS FACTORS: Precision toler- 
ances. Wide range of physical sizes and 
shapes, standard and custom designs. Fast 
delivery in any quantity. Prototype service 


if desired . . . enables designer to test per- 


formance under actual operating conditions 
before investing in tooling. Continuing re- 
search to satisfy customers’ current and 
future requirements. 


Blueprint or sketch, with details of opera- 
tion, will bring you complete information 
on the AlSiMag Alumina best suited for 
your application. NEW Bulletin 575 cover- 
ing several of the most popular AlSiMag 
Aluminas sent on request. 





The Outlook 


Still plenty of copper 

Curtailment of copper production now amounts to 
about 11,500 tons a month. Of this amount, 8700 
tons represent curtailment by U. S. producers and 
2700 tons by foreign producers (not including the 
Chileans who have indicated a willingness only to 
allow small independent fringe producers to close 
down). Supply, nevertheless, exceeds demand by a 
wide margin. As a matter of fact, production in 
1957 will exceed production in both 1955 and 1956, 
and consumption will be considerably lower than it 
was in 1955 and 1956. 

The London price of copper is now about equiva- 
lent to 24¢ per lb. The U. S. price stands at 27¢ for 
primary copper and 26¢ per lb for custom smelters. 
The chances are that there will not be an increase in 
consumption sufficient to sustain these prices and we 
expect the price to drop to 25¢ per lb. 

In the meantime, producers are exerting pressure 
on the Government to increase the 2¢ excise tax on 
copper imports. This 2¢ tax goes on automatically 
when the price reaches the 24¢ “peril point” for one 
month’s time. Some producers want the excise tax 
raised to 4¢ and the “peril point” level raised to 30¢ 
per lb. We feel that this is just an “asking price” 
on the part of producers. No one really believes that 
the Government will exclude foreign copper at any- 
where near 30 to 34¢ per lb. Actually, the tariff will 
not increase consumption and so it can, therefore, be 
no long term solution to the problem of finding more 
uses for a material abundantly available. 


Stainless steel consumption down 


Although production of stainless steel has kept up 
well as compared with other steels, a goodly share 
of it has wound up in warehouse stocks. Most con- 
suming areas, especially the automotive and appli- 
ance, have held back on large scale purchases. As a 
result, consumers should be able to get all the stain- 


less they want, whether it be nickel or non-nickel- 
bearing. 


€ For more information, circle No. 452 


AND SUPPLY 


by Herman B. Director, Consultant, Washington, D. C. 


Nickel no longer scarce 

An indication of the fact that nickel is no longer 
scarce in this country is the recent relaxation of the 
virtual embargo on the export of nickel-bearing ma- 
terials. Up until recently, only contaminated nickel 
scrap unusable in the U. S. could be exported, and 
then only if the exporter certified that no less than 
90% of the contained nickel would be returned to the 
U.S. in usable form. 

Supplies of primary nickel in the U. S. are the 
highest in history. Stocks in consumers’ hands are 
reported to exceed 45 days’ supply, whereas actual 
consumption has not increased over the first part of 
1957 when it was alleged that the shortage of nickel 
was hampering production. 


Mylar prices down 

Increased production and use of Mylar are reflected 
in the fourth cut in Mylar prices in three years. The 
latest cut is 25¢, bringing the price down to $2 per lb. 
The reduction, incidentally, comes at a strategic 
time: auto makers, who already use large quantities. 
are now getting into volume production of new cars. 


Plenty of titanium 


The Government has reduced the amount of titanium 
mill products reserved for military purposes. Up 
until recently, 95% of all titanium was reserved; 
only 75% is now reserved. This change, however, 
means very little, since neither military nor civilian 
consumers have taken up their allotments. One thing 
is certain and that is that there is plenty of titanium 
available for anyone who desires to use it. 


Steel consumption up 


Consumption of steel (excluding stainless) is higher 
than industry sources had expected and it is still 
climbing. Supply, however, is sufficient, except for 
pipe, heavy plates and structural shapes. 

Capacity increases this year will boost the indus- 
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The Outlook—continued 








try from 133.4 million ingot tons to 141 million tons. 
A sizable segment of this increase will come from 
upgrading existing facilities rather than actual build- 
ing of new plants. 


Cadmium prices may decrease 


Since cadmium is a by-product of zinc refining, its 
price should not fluctuate rapidly. However, there is 
more of it available than is being used, and the 
United Kingdom recently reduced cadmium prices for 
the first time since January 1956. In the face of 
fairly consistent but not increasing consumption, 
U. S. producers will probably follow suit. 


Mercury prices decrease 


Reduced consumption of all but very small lots of 
mercury is tending to produce lower prices. Latest 


quotations are $244-277 per flask, with sales mo 
at the $244 level. A reduction to the U. 5S. sup) 
level of $225 per flask is in the cards. 


Aluminum can venture to be costly 

The agreement between Reynolds and Esso to pro- 
duce and use aluminum for petroleum containers is, 
on the face of published accounts, bound to be a 
costly venture. The price that Esso will pay for the 
aluminum container is said to be the same as for the 
steel container. 

On the basis of materials costs alone (and even 
taking into account the fact that aluminum is lighter 
and will make more cans per pound), the aluminum 
ean is at best what the retail trade calls a “loss 
leader.” Recovery of scrap by providing gas stations 
with a pressing machine will also be costly and unless 
some provision is made to reimburse the local gas 
station operator for his effort, chances are the alu- 
minum can will wind up in the same trash bucket 
the steel can now goes into. 


Abundant supply of vinyls 

As is the case with polyethylene, supply of viny] 
chloride exceeds demand. Although industry capacity 
is over 850 million pounds, consumption will probably 
not exceed 600 million pounds. As a result, prices 
may be reduced. . 





A Tariff Commission recommendation to increase 
duties on lead and zinc was turned down by the 
Administration in 1954 on the grounds that the 
State Dept. would undertake informal negotiations 
with producing countries to reduce shipments to the 
U. S. on a voluntary basis, Another argument ad- 
vanced against tariffs was that foreign suppliers 
would retaliate by restricting shipments of other 
more “strategic” materials into the U. S. 

Both arguments have been since proved wrong. 
Not only did foreign suppliers not curtail their 
shipments of lead and zinc into the U. S., but they 
are now pressuring the U. S. to buy more and more 
of their “strategic” materials, including chromium, 
manganese, tungsten, titanium, fluorospar, copper 
and others. 

Now the Administration has indicated a willing- 
ness to go along with a Tariff Commission recom- 
mendation before Christmas. 

The upshot of the whole thing, as we see it, is 
that there will undoubtedly be a recommendation 
to increase the tariff on lead and zinc to the maxi- 
mum allowable. The present duty on lead is 1 1/16¢ 





Director on Lead-Zinc Tariffs 


per lb; the maximum allowable is 2.55¢ per Ib. 
The slab zinc duty is 0.7¢ per lb and the maximum 
allowable is 2.1¢ per lb. 

We expect that the President will accept the 
Commission’s recommendation and that the tariff 
will be imposed. The effect on foreign production, 
however, will not be great since it is likely that 
foreign producers will absorb the tariff and con- 
tinue to ship large quantities of lead and zinc into 
the U. S. 

So far as the consumer is concerned, the tariff 
will tend to maintain the current price. In fact, 
the threat of a tariff and U. S. stockpile purchases 
are, in our opinion, the only things which have kept 
the price from falling. 

On the other hand, if the Government stops buy- 
ing lead and zinc when the duty is imposed, we 
will be right back where we started. The surplus 
of metal on the market will increase and the in- 
crease in duty will not discourage either domestic 
or foreign production. The next step will be in- 
dustry pressure for imposition of import quotas 
along with the tariffs. 
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“” Although complete data on con- 
imption, production and prices 

key metals for the year 1957 
re obviously not available, sev- 
ral interesting facts are already 
liscernible. For example, it is 
vident that the only key metal 
still not abundantly available is 
iickel. It is also obvious that the 
copper shortage of not so long ago 
is decisively over. Here are pre- 
liminary statistics on some key 
metals. 

Copper—During the past year 
and a half the price of copper 
has been reduced more sharply 
than has any other nonferrous 
metal price. It has dropped from 
over 45¢ per lb in 1956 to under 
30¢ per lb in 1957, and most 
observers have no better idea now 
as to when and where stabilization 
will occur than they did last year. 
The price is currently on a par 
with aluminum and there is every 
reason to believe that it will de- 
crease further in the near future. 

As a result of these drastic 
price reductions, however, many 
producers have cut their output 
and it seems that total mine pro- 
duction in 1957 will probably be 
around 5% lower than it was in 
1956. Consumption will be about 
10% lower. 

Lead—Both production and con- 
sumption of lead this year will be 
about 5% lower than they were 
in 1956. However, there is more 
lead available than is being used, 
and the price has decreased an 
average of 10% for the year. The 
abundance of lead on the market 
is attributed, by many producers, 
to the great amount being im- 
ported from foreign sources. As 
a result, pressures have been 
brought to bear on the Govern- 
ment to increase lead and zinc 
tariffs. Chances are that recom- 
mendations for tariff increases 
will soon be proposed and ap- 
proved. 

Aluminum — Aluminum produc- 
tion this year is expected to be 
about 5% lower than it was last 


lere 1s an wnterim report on . 


1957 Metal Production, Consumption and Prices 


U. S. PRODUCTION OF KEY METALS (1000 Short Tons) 


























Metal > Aluminum Copper Lead Zinc Steel 
1954.... 1461 835 325 473 88,000 
ee oe 1566 999 338 515 117,000 
re me ate 1679 1100 348 538 115,000 
dines skis 1600 1034 334 511 117,000 
aEstimated. 
Source: Bureau of Mines. 

U. S. CONSUMPTION OF KEY METALS (1000 Short Tons) 

Metal > Aluminum Copper Lead Zinc Steel* 
1954... 1650 1255 1095 884 63,000 
1955. seh 1800 1502 1213 1120 85,000 
Se ee ee 1900 1514 1190 1005 83,000 
1957>, .... 1500 1350 1100 910 
aShipments. bEstimated. 


Source: Bureau of Mines. 
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Nonferrous metal prices from 1947 to 1957. 


year. However, over-all consump- 
tion is expected to decrease by 
about 15% or more. The 1¢-per-lb 
price increase initiated in August 
raised the annual average price 
by about 5%. Indications are that, 
as a result of the decrease in 
consumption, aluminum prices will 
not change much for at least a 
year. 


Zinc—The annual average price 
of zinc has decreased in 1957 by 
about 15%. Although consumption 
of zinc in some areas has in- 
creased, over-all consumption has 
decreased by about 10%. Produc- 
tion is down 5%. Increased tariffs 
and import quotas are expected 
to be imposed in the near future. 


(continued on p 250) 
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NONMETALLICS 


Prices for large quantities for range 
of grades, color, sizes; given in $/lb 











RUBBER 
Material Dry | Latex 
Butadiene-Acrylonitrile | .49-.65 .46-.54 
Butadiene-Styrene.....] .17-.30 .22-.32 
PE cea .23-.28 — 
Neoprene*............ 39-75 .3]-.47 
Se 1.90-4 _ 
Polysulfide*........... 47-] -10-.92 
Natural eer ee 








uLess than carload quantities. 
bAverage spot price for month of Sept. 


GLASS FOR REINFORCED PLASTICS 





Fabric ($/yd 38 in. wide)* 


i 48 

181 Long-shaft satin weave.... .03 

143 Unidirectional............ 1.00 
Roving* 

ES. ee 40 

Continuous spun strand....... 36 

Continuous chopped spun..... .38 
Milled fibers (1/32-% in.)*...... 45 
Mat 

Chopped strand (2 in.)*..... 52-.72 

Surfacing ($/1000 sq ft)*...... 10-19 
Continuous chopped strand 

ol, | 40 





aPrice includes binder or finish. 
bPrice varies with binder. 
¢0.010-0.020 in. thick. 


THERMOSETTING PLASTICS 

















| | Molding Laminating, 

| Material Compounds | Casting Resins 

) Alhyd.........1 34-53 ~ 
a — 45-.80 
Melamine. .... 42-45 40-.41 
Phenolic... ... .21-.40 .17-.34 
Polyester... ... 42 .32-.50 

| Silicone....... 2.75-5.40 1.55-1.74 

) Urea..........]  .19-.33 — 


a60% solids content. 


All prices are approximate and given 
solely for general guidance of those 
responsible for materials selection. 
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Changes since last month are bold-faced 


Prices of Mater20 |S es 





















THERMOPLASTICS 
Molding Sheet Rod Tube 
Material Compounds (.030-.250in.) 
Yg-Y4 in. ¥g-1Y%4 in. Yy-Yin. | %-1% in 
Acrylic 51-.59 A9-2.15 | 90-115 | .80-.90 115 | 90-1 
Cellulosic 
Acetate... .. .36-.65 92-116 | .75-1 .65-.75 85-1 | .75-.85 
Butyrate..... 50-.72 1-1.28 .95-1.20 85-.95 1.05-1.20 | .85-1.05 
Nitrate...... 1.60-2.73 1.45-1.75 | 2.25-5.00 
Propionate. ... 51-63 | — — | — 
Fluorocarbon | oe 
, 7-8 15-23 18-22 14-20 20-22.50 16-20 
4.50-7.45 14.30-11 13 | 13 13 13 
Nylon. ...... 1.18-2.30 ae ee 3 | 3 
Polyethylene .35-.56 85-1 75-1 .65-.75 85-1 | .75-.85 
Polystyrene. . .26-.44 57-61 .65-.90 55-.65 75-90 |  .65-.75 
Vinyl .27-.43 .62-.92 15-1 .65-.75 85-1 | .75-.85 








NONFERROUS METALS 


Mill base prices for large quantities; given in $/lb except where indicated 

































































ALUMINUM LEAD 
Pig (99-99.9%) .26-.28 Common Grade 14 
Ingot (99-99.9%).......... .28-.30 
Foil (5-0.5 mil)............. 55-.77 
Alloy Ingot (13, 43, Al32, 214) .29-.32 
Sheet (1100, 3003; 3-0.03 in.)* ..  43-.47 MAGNESIUM 
Plate (1100, 3003, 5050, 3004, 5052)*..  .40-.43 
Pig (98.8%)... 36 
eMill finish. Ingot (98.8% 37 
AZ91B Ingot (die casting) 37 
amend AZ91C Ingot (sand casting) Als 
Cart., Low, Red, aDelivered price. 
Form 10% 80% 85% 
Sheet, Strip.......] .43 AG AG WICKES 
Seamless Tubing. .| .46 48 49 
Rod (not f.c.). res 44 45 46 Form —" a" Monel 
Wire...... 44 46 47 
Se ee aT 
MAS inch bees ot — 1.07 89 
COPPER ee ae 1.26 | 1.06 
Strip, C.R......... — 1.24 1.08 
Ingot (elec) SAF OLE 27 Seamless Tube... et 1.57 | 1.29 
Sheet, Strip (hot rolled). ............ 49 
I silciwis dues sees 49 ‘Delivered price. 
SE Cree 47 
Rod, Free Cutting................... 57 
Wire TIN 
EE aS Oa ae 32 ; 
Square, Rectangular............... 35 Ly Ss etch cua hak tagbete se oan 93-.94 
0 ; 40 





aDelivered price. 


(continued on p 244) 











1(/AYNES investment casting solves the tough, des 2} : ; oblems 

















=) TURBINE WHEELS 
mass-produced for operation | 
up to 1700 Deg. F 




























beskine wheels with intricate blading —some as thin as | 
0.020 in.—and ranging in diameter from 2 to 21 in. are | 
now mass-produced economically by HAYNES’ invest- 
ment-casting method. The blades and wheel are produced 

as one integral part to close as-cast tolerances. 

HAYNES’ investment-casting method offers the design 
engineer a selection of alloys developed for economical 
operation over a wide temperature range—from room 
temperature to 1700 deg. F. The cast wheels have high 
strength and are capable of operating at speeds in excess | 
of 42,000 revolutions per minute. | 

The freedom to select alloys for per- | 
formance and to design for top effi- 
ciency is one of the big advantages of 
HAYNES’ investment-casting process. 
For full details, write for the booklet 
“HAYNES’ Investment-Casting.” Ad- 
dress Haynes Stellite Company, Divi- 
sion of Union Carbide Corporation, 
General Offices and Works, Kokomo, 





Special inspection equipment guarantees accuracy. Ex- : 
aminations by Gamma Ray (above) is one of a number Indiana. | 
of inspection methods used at Haynes Stellite Com- 
pany’s plant to insure top quality control. 


AaLLOoys 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 











Uj ite}. 


) oY Ne i=) 0) = 





“Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


For more information, turn to Reader Service card, circle No. 524 
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new... booming... stainless steels 
call for consistent analysis; oe: 


TITANIUM 





MANGANESE 99.9% MINIMUM 
Sponge (99.3+%) 
2 Bars, Rod 
CARBON 0.004% MAXIMUM Plate 
—— Sheet, Strip 
SULPHUR 0.024% MAXIMUM Wire 














TYNE 0.001% MAXIMUM 





TI WAMEIAENE EE | 0.005% MAXIMUM 


a Prime Western ; 
Jalehiaale) teem «6©606NOT DETECTABLE IN 25 GRAM SAMPLE Die Casting — .15-.16 
ade ee RES ee MES : Sheet..... Pe PEeTe Cre 24 


aletelvmm SPECTROGRAPHIC TRACES ONLY a bas mc a 
Bee ae ates <i asa : 


BLM 0.015% MAXIMUM 




















aAlloys 2, 3, 5. bDelivered price. 





METAL POWDERS 


and ELECTROMANGANESE® has it) =" 


Copper (elec or red. ya. encod a 
Columbium 120 
Molybdenum OR) 


Stainless steel is on the move. Industry after industry a bee rae ee 49 


is attracted by its recent strides in transportation equip- Tungsten (C-red. 98.8%: 

ment, appliances, architectural trim, household and Ho-red.99+%)............... &Se 
store furnishings. And of all the stainless steels, the most Zirconium | 

stimulating seem to be the new 200 Series, characterized Flash Grade. . 11.50 
by high manganese, low nickel, content. | Electronics Grade 15 


But—high manganese content also means consistent | Sues te <M eek Odie 
analysis in this critical alloying agent. The percentage | bFreight allowed. 
of each impurity must be known and consistent in melt 
after melt. This calls for the purest commercial mangan- 
ese available . . . Foote electrolytic manganese. E lectro- 
manganese, by trade name, consistently provides 99.9% Cadmium (bars) ve 1.70 
manganese content in the analysis shown above. If you Gold.. | $35/troy oz 
have a hy drogen problem, even this can be reduced to indium (99, 97+%).. . .$2.25/troy oz 
7.9 ppm maximum in a Hydrogen- Removed grade. Manganese (99.9%). ........... 348 
Nitrided manganese is available in Foote’s high-purity Palladium $23-24/troy 02 
Nitrelmang. ® But just as important as consistent anal- lati $84-87 /troy oz 
ysis is economy. And here Foote’s alloying agents en- 91¢/troy oz 
able you to get the necessary manganese content in the Maren (sheet, rod) 95-60 

. anadium 3.45 

most efficient way. 


Zirconium (sheet, strip, bar) 27-35 
The 17 years’ experience in manganese alloying avail- 

able from Foote’s Electromanganese Division is an im- «Delivered price. 
portant first step when you decide to really pursue the 
growing stainless steel market. A letter will bring a 
Foote engineer to your desk. Or, you can get further IRONS AND STEELS 
information by writing ‘to our Technical Literature De- 
partment, Foote Mineral Company, 408 Eighteen West 
Chelten Building, Philadelphia 44, Pa. 











OTHER NONFERROUS METALS 








Mill base prices for large quantities 


SEMIFINISHED STEEL ($/net ton) 





SALES OFFICE: Electromanganese Division, Knoxville, Tennessee mS vss Slabs ” 
RESEARCH LABORATORIES: Berwyn, Pennsylvania iets, DIOOMS, 


o iver, xton, Pa.; Kings Mountain, N. C.; Knoxville, j 
"Gae.t Sunibelghe, Ve. ini os Carbon, Forging 96 


Alloy, Forging 114 
Seamless Tube Rounds............. 117.50 
Wire Rods $6. 15/cwt 





ELECTROLYTIC MANGANESE METAL © WELDING GRADE FERRO ALLOYS © STEEL ADDITIVES © COMMERCIAL MINERALS AND OXIDES 
® ZIRCONIUM & TITANIUM (IODIDE PROCESS) « LITHIUM METAL, CHEMICALS AND MINERALS » STRONTIUM CHEMICALS (continued on p 246) 








For more information, turn to Reader Service card, circle No. 408 For more information, circle No. 561 > 
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New Formica laminated plastic thermo-insulator 
provides protection from hot launching gases 


In cooperation with Rocket Fuels Division, Phillips 
Petroleum Company, Formica application engineer- 
ing applied Grade FF-34 (modified) with the precise 
characteristics for protection against hot gases. 
This Formica fabricated liner protects the steel blast 
tube through a time cycle of intense heat in a new 
target drone. 

This solution called for three of the Formica-4 
services that assure the right laminated plastic for 
every requirement. 

1. Application engineering to select the right grade 
2. Research to adapt it to this particular application 
3. Fabricating to produce a complete component 
ready for assembly. A fourth—Customer Stock 
Service—provides a ready supply of sheets and rods 
for prompt shipment. 

This unique laminated plastics service can be of 
assistance to you in your own product design prob- 
lems. For complete information, send for free 
Formica-4 bulletin 584. Formica Corporation, a 
subsidiary of American Cyanamid, 4550-7 Spring 
Grove Ave., Cincinnati 32, Ohio. 


Save your engineers’ time. . . use Formica-4, 
the complete laminated plastics service 


1. Application Engineering 2. Research 3. Fabricating 4. Customer Stock Service 
Fl-1586 





FINISHED STEEL (S$/cwt 












Form 








Carbon 


High Str 
Low Alloy 


Alloy 











Plate 
Sheet, H.R. 
Sheet, C.R. 
Strip, H.R. 
Strip, C.R. 
Bar, H.R. 
Bar, C.F. 













5.10 
4.92 
6.05 
4.92 
7.15 
5.42 
7.30 


7.62 
7.27 
8.97 
7.32 
10.65 
792 


7.20 
8.10 


6.47 
8.77 












STAINLESS STEELS (‘$ Ib 






















































































CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 





For more information, turn to Reader Service card, circle No. 440 
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Forging, H.R. Sheet, 
Material Billets | Bars | Plate | Strip 
Austenitic 
301, 302, 
302B, 303, 
304, 305 .38-.41 | .44-.48 | .46-.51 | .51-.59 
3218 47 56 | .60 .66 
347. 56 .65 10 80 
Martensitic | < 
410"... 28 | 34 | 35 | .40 
M16........] 29 | 34 | 35 | 47 
eae 32 38 | 40 48 
420, 440 .34 Al 45 62 
Ferritic ; 
405, 430, 
430F 30 | .34-.35 | .36-.38 | .41-.47 
_.. 7 32 38 40 56 
How deep drawn shapes a | 30 | 35 | ae | 3a 
446 38 A5 46 | 67 
bed — - 
can lower unit costs mae 
202* 3] 43 45 49 
Weight. ..strength...appearance...reduced costs—all are part of eiadant 
modern, cost-cutting design for modern products. That’s why 304L. 48 | 56 | 59 | 63 
| Hackney deep drawn shapes and shells are outdating and replacing beste 4 | A | | 8 
| heavy forged, cast or welded pipe parts. For Hackney helps shape Precip Hard. | | 
up a better product—lighter weight, stronger, more streamlined, | 17-7PH. 66 | 73 | 85 | .90 
° . . ¢ al t prices appr 60% of forgi billet 
with resistance to vibrations. | er Oe of forging bi 
You can design from a wide range of shapes and sizes: cylindrical, | 
spherical, conical, tapered—in capacities from a quart to 70 gallons. | METAL POWDERS ($/Ib)> 
These deep drawn shapes and shells have paid off in condensing ID 90955558 0508 sepia eos 10-.11 
° ee" . : d hydraulic products—just to Electrolytic Iron 
units, liquid receivers, pneumatic and hydraulic pro j Annealed (99.5%)............... 37 
name a few. Send a sketch of your plans and let Hackney engineers Unannealed (99+%)............ 36 
help you with the details. They'll be happy to consult with you on — Steel san 
metal specifications, location of openings and fittings as you specify. lg sin 5? ote cea 
aPrice for —100 mesh. 
Pressed Steel Tank Company 227 
| Manufacturer of Hackney Products IRON (S/gross ton) 
| | 1442 South 66th Street, Milwaukee 14, Wisconsin ER Seep hart <5) oe 65-66 
i | Branch offices in principal cities 
) (continued on p 248) 








Coring Too intricate For Die Casting? 


egret Laake. 


PARKER SALES ENGINEERS 


BELLEFONTE, Penna. 
Warren G. Olson @ 420 East Linn Street 


CHICAGO 49, Ill. 
Ollie J. Berger Company @ 2059 East 72 Street 


CINCINNATI 14, Ohio 
William H. Broxterman @ 2430 Central Parkway 


DETROIT 35, Mich. 
Hodgson-Geisler Co. @ 18917 James Couzens 


GIRARD, Penna. 
Daniel F Marsh @ 35 Chestnut Street 


LONG BEACH 11, California 
R. W. Fletcher @ 2803 Loomis Avenue 


PHOENIX, Arizona 
Fred B. Larsen @ 6108 North 11 Avenue 


ST. LOUIS 8, Mo. 
Frank May @ 4378 Lindell Boulevard 


SYRACUSE, N. Y. 
J. C. Palmer @ 712 State Tower Bldg. 


WILTON, Conn. 
Girard L. Palmer @ Belden Hill Road 


WINTER PARK, Florida 


Duane P. Davis @ 110 South Orlando Avenue 
Box 26 


Because of intricate coring—together with internal 
bosses—sand casting seemed to be the only way to make 
this part. Necessary finish machining, however, boosted 
costs too high. 

Then Parker die casting engineers tackled the job— 
and licked the coring problem. The result: a part with 
greater density, closer tolerances, better surface finish, no 
finish machining and—best of all—much lower cost per unit. 

Here is just another example of the way Parker- 
engineered die castings save you money. 


Parker has been a leader in die casting for over 50 
years—an old hand with new ideas. This skill and ex- 
perience can solve problems—and save money—on your 
component parts. Just call the nearest Parker sales en- 
gineer or send your prints to the factory direct. 


Parker White Metal Company e 2153 McKinley Ave., Erie, Pennsylvania 


high pressure 
ALUMINUM and ZINC 


PARKER 


die castings 
POWDERED METAL PARTS 


For more information, turn to Reader Service card, circle No. 467 
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phenolic Z 
molding — . 
Ke be 
compounds eee 
| PLASTICS 
| ENGINEERING : 
| COMPANY 





Sheboygan, Wisconsin 





Serving the plastics industry in the manufacture of _ 
high grade phenolic molding compounds, industrial resins and coating resins. 





= ie a te Sm 





For more information, turn to Reader Service card, circle No. 407 
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AND SUPPLY 


CLAD STEELS (¢/Ib)> 








Cladding Metal 10% 15% 20% 
Stainless 
304 .... 37.95 | 42.25 | 46.70 
304L 1 40.55 45.10 49.85 
316L ...f 49.35 54.70 | 60.10 
321 .... 40.05 | 44.60 49.30 
347 ...| 42.40 47.55 52.80 
430 ...1 29.80 33.35 | 37.25 
Inconel... cool See 70.15 80.85 
a 51.95 | 62.30 72.70 
a roll 53.55 | 63.80 | 74.05 








“Prices given for three cladding thicknesses. 


TIN PLATE ($/base box) 





Hot Dip (1.25-1.50 Ib) 10.05- 10.30 
Electrolytic (0.25-0.75 Ib) 8.75-9.40 





FINISHES AND COATINGS 


ORGANIC COATINGS 























Avg 
Thk | Mils | Cost, 
Material per Re- | ¢/sq 
Coat, \quired®|ft/dry 
mil mil» 
VARNISHES, ENAMELS 
Short Oil Phenolic 
Varnish 1.0 1.0 
Enamel. 1.2 1.0 | 
100% Phenolic 1.0 1.5 
Straight Oil-Modified 
Eee ot 1.5 1.50 
Alkyd-Amine (90-10) 1.5 15 | 1.75 
Alkyd-Phenolic (50-50).} 1.5 | 1.5 | 1.75 
Alkyd-Vinyl (50-50)....} 1.0 | 2.0 | 2.0 
Alkyd-Styrene (70-30)..) 1.2 | 1.5 | 1.75 
a Sia din0, 9: 0de 0g 18 | 18 | 2.00 
Silicone..............{-5-1.0}.5-1.0} 6.0 
. are > 2.0 | 2.0 1.0 
eT 50 | 50 | 1.50 
DISPERSION COATINGS | 
RE oe 1.0 15 | 1.75 
MRR A icew sien seu 10 | 2.0 | 2.50 
Fluorocarbon.......... 10 | 1.0 | 15.0 
LACQUERS | 
Nitrocellulose......... 10 | 2.0 | 2.50 
a ee 10 | 2.0 | 2.50 
SL hs vicina. bee eel 10 | 20 | 2.75 
SR te ks ates aan 10 | 20 | 2.75 








aThickness over phosphate coating required 
for exterior durability on steel. For purely 
decorative coating, 1 mil will usually suffice. 
bMaterials cost only. Realistic price compar- 
ison can be made only on basis of dry applied 
coating, not on basis of cost per gallon. 


(news on p 250) 
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You can save time and money 


with R/M Ftay-BOND Adhesives 












































Bonding laminated panels of 
all-plastic refrigerators 





Bonding rubber seals to valve gates 





Bonding, sealing, protecting 
armature coils 


Bonding sealing strip to car door 


FOR THESE AND COUNTLESS OTHER APPLICATIONS 
NEW R/M RAY-BOND ADHESIVES CAN BE TAILORED TO 


Modern bonding techniques can simplify and 
improve product designs and eliminate 
troublesome production fastening operations. 
Shown above are a few applications which 
may suggest where R/M Ray-BOND adhe- 
sives, protective coatings, and sealers can 
have important advantages for you— whether 
or not bonding, laminating, sealing or coating 
are now factors in your operations. 


For more information, turn to Reader Service card, circle No. 437 


From more than 20 years of experience in 
the production of bonded assemblies, R/M 
has acquired a wealth of experience in devel- 
oping adhesive products to save time and 
money in varied applications. Call on our 
engineers to work with yours in finding new 
ways to cut costs and simplify production. 
Adhesives Department, RAYBESTOsS- 
MANHATTAN, Inc., Bridgeport, Conn. 


RAYBESTOS-MANHATTAN, INC. 


ADHESIVES DEPARTMENT: Bridgeport, Conn. 


Chicago 31 « 


Detroit2 «+ Cleveland16 «+ Los Angeles 58 


FACTORIES: Bridgeport, Conn.; Manheim, Pa.; Passaic, N.J.; No. Charleston, S.C.; Crawfordsville, Ind.; Neenah, Wis. ; 
Raybestos- Manhattan (Canada) Limited, Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Industrial Adhesives » Brake Linings « Brake Blocks e Clutch Facings e Industrial Rubber e Engineered Plastics ¢ Sintered Metal Products 
Rubber Covered Equipment « Asbestos Textiles « Laundry Pads and Covers e Packings e Abrasive and Diamond Wheels « Bowling Balls 


Bonding textile to textile 


NOVEMBER, 1957 »* 





we oo 


YOUR NEEDS 





R/M Bulletin No. 650A contains 
engineering information you 
will want on Ray-BOND adhe- 
sives, protective coatings and 
sealers.Write for your free copy. 
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prime source 
for molded parts 


For three good reasons, Kurz-Kasch is 
a prime source for molded thermoset- 
ting plastic parts. First: money-saving 
experience. The parts shown illustrate 
our breadth of experience and capacity 
for handling difficult jobs. Second: 
money-saving tooling. We design tools 
and dies for best long-run production 
economy. Third: money-saving deliv- 
eries. You get believable promise dates 
and your parts arrive on schedule. Call 
your nearest representative for a quote 
on your next job. 


1. impeller housing. 2. rocker ring. 3. stereo viewer. 
4. fuse nose. §&. appliance handle. 6. and 7. knobs. 
8. and 9. terminal boards. 410., 41., and 12. 
miniaturized parts. 413. organ key. 14. terminal 
board. 15S. spinning reel handle. 16. valve liner. 
17. fuse nose. 418. organ key. 19. blower wheel. 


Specialists in thermo-setting plastics for 41 years 


kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 


New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass.; Walker 2-0065; Atlanta, Cedar 7-5516; 


Chicago, Gladstone 6-8837; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; 


Pasadena, Ryan 1-6774; Minneapolis, Walnut 6-2749; St. Louis, Parkview 5-9577; Toronto, Oliver 7986 


For more information, turn to Reader Service card, circle No. 470 
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Interim Report—cont’d from p 


Steel—In spite of a 4% increa 
in the price of steel, consumpti: 
in 1957 is expected to be quit 
high. One observer estimates a 
4% increase over 1956. Production 
is expected to reach the record 
high of 117 million tons registered 
in 1955. Price of steel should re- 
main fairly steady, at least until 
next summer. 


Production, Use of 
New Polyethylene Up 


Production and consumption of 
high density (low pressure) poly- 
ethylene will increase considerably 
during the next few years, ac- 
cording to Dr. Robert S. Aries, 
Aries Associates. Speaking at a 
recent meeting of the American 
Chemical Society, Dr. Aries 
pointed out that rated capacity 
for all types of polyethylene for 
the year 1958 is set at one billion 
pounds, and market research indi- 
cates the new high density types 
will comprise 30% of the total 
capacity. Actual production, how- 
ever, is estimated to be about 760 
million pounds, with 18% of it 
being high density material. 

By 1962, production of all poly- 
ethylene is expected to climb to 
about 1.1 billion pounds, with the 
high density material accounting 
for 39% of the total. Projected 
end uses of both types by 1962 


1962 CONSUMPTION OF HIGH 
AND LOW DENSITY POLYETHYLENE: 














(Millions of Pounds) 
End Use High | Low 
4a Density | Density 
Molded Articles | 120 | 100 
Electrical... ... 4 | 75 
ae 100s. 250 
, ar 3 CO 110 
Paper Coating. 35 55 
Bottles, Tubes. 25 75 
4, See . 
Misc, Exports ..... 60 40 
iEstimated. 


























For more information, turn to Reader Service card, circle No. 375 
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GRAY IRON 
CASTING 
CHARACTERISTICS 


a¢ ° 
brew bie 





If you are on the lookout for new ways and means to improve your 

products and save money, too, investigate modern gray iron castings. 

Gray iron is not only the most economical of all basic components, but 

recent developments in new gray irons and casting techniques are 

elevating their utility to new highs. Today they possess a combination 

| | of essential engineering properties that cannot normally be duplicated 
in more expensive competitive materials. Acquaint yourself with the 
present and future possibilities of modern, controlled gray irons. Be 
sure that gray iron is making its full contribution to your products. 
Write for the GIFS ‘Summary of Specifications” today. 


it's time to design with 


GRAY IRON CASTINGS 


GRAY IRON FOUNDERS’ SOCIETY, INC. 
National City-East 6th Bldg. » Cleveland 14, Ohio 





For more information, turn to Reader Service card, circle No. 533 
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are indicated in the accompany 
table. 

Four processes are curreni|; 
used to produce high density poly- 
ethylene: Ziegler, Phillips, Stand- 
ard Oil of Indiana and R. S. Aries, 
In 1958, there will be at least 
eight commercial producers of 
various types of high density poly- 
ethylene in the U. S. And at least 
seven other companies are said to 
be engaged in development work 
aimed at selecting a process for 
the production of high density 
polyethylene. (There are presently 
nine producers of the branched 
low density type.) 

Effect on price 

According to Dr. Aries, this ‘“‘is 
the first time in the industry that 
there has been such a large pro- 
ductive capacity entering the 
market in such a short time.” As 
a result, by 1961 the price of the 
new material is expected to de- 
crease to the level of conventional 
polyethylene. Present price of high 
density material is 53¢ per lb (re- 
cently increased 3¢ per Ib); price 
of general purpose conventional 
polyethylene is 35¢ per Ib. Accord- 
ing to Dr. Aries, the price of 
high density polyethylene will de- 
crease to around 31¢ per lb by 
1961. 

According to Dr. Aries, the new 
polyethylene will not offer much 
competition to conventional mate- 
rial, since their properties are so 
different. Instead, the new plastic 
is expected to replace glass, metal 
and wood for many applications 
and, to a lesser extent, other plas- 
tics such as phenolic, nylon and 
high impact polystyrene. 


What’s Happening 
in Prices and Supply 


Phenolic—A 1¢-per-lb price in 
crease for phenolic molding ma- 
terials, resins and laminating var- 
nishes has been announced by bot! 
Bakelite Co. and General Electric 
Co. General purpose, standard 

















MEETING DESIGN NEEDS 


BRASS POWDER FORMS IMPORTANT 
CONNECTION FOR WESTERN ELECTRIC 


The Clutch Coupling (1) and Bar Coupling (2), shown above, 
function with two insulators to form an important drive linkage 
in Western Electric's “lineman’s test set”. These BRASS POWDER 
parts perform the dual role of activating a signaling generator 
and retaining a molded nylon cam that insulates the handle up 
to 10,000 volts. 

The complex, curved surfaces on the blades of the Clutch 
Coupling would be very difficult and expensive to machine from 
bar stock. For this reason, Western Electric designed both of these 
parts for the powder metal process and turned the job over to 
an experienced fabricator*. Thus, unit cost was very low, high 
performance standards were met and much valuable machining 
time was saved. 

Consult with a metal powder fabricator when you have difficult 
design problems—or when you simply want to lower your pro- 
duction costs with BRASS POWDER sinterings. 


*Parker White-Metal Company, Erie, Pa. 





Detail of the Clutch Assembly on Western Electric's signaling 
generator. The Bar Coupling turns the Nylon Cam which pushes 
the Clutch Coupling forward to engage the drive gear. 


How Can BRASS AND NICKEL SILVER 


POWDE 
__——— F 


R PARTS Meet Your Design Needs? 


——a 






For detailed information on the design, 
properties, production and application 
of brass and other nonferrous powder 
parts you should have a copy of our 
manual. It will give you 20 case his- 
tories of brass and nickel silver powder 
structural parts to assist in evaluating 
this means of production in terms of 
your particular needs. 





qSEND FOR YOUR COPY 





For more information, turn to Reader Service card, circle No. 405 








DO YOU HAVE A 
PROBLEM INVOLVING 





HIGH SPEEDS... 
HIGH TEMPERATURES... 


CHEMICAL CORROSION ? 
INVESTIGATE 


(REBON 


*carbon-graphite especially 
designed for mechanical applications 

















Where lubrication 
is a problem on bearings, 
seals, blades and similar 
sliding or rotating parts, 
PUREBON is often the ideal 


solution. 








PROPERTIES OF PUREBON 


1, Stable at high 4. Low cost where | 


temperatures moldable to size 
2. Light weight 5. Chemically inert 
3. Readily machinable 6. Moldable to size 











ST. MARYS, PENNSYLVANIA 


REQUEST BULLETIN NO. 58 OR 
SEE SWEET'S PRODUCT DESIGN 


aUhtADD 


PURE CARBON CO., INC. 
450 HALL AVENUE 








For more information, turn to Reader Service card, circle No. 570 
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Available Now!! 
Reprints of 


Because of the great demand for the well-known Manuals that are 
widely used for reference purposes, MATERIALS IN DESIGN 
ENGINEERING Manuals have been reprinted for your use. These 


| outstanding 16- to 32-page articles provide you with complete and 


useful information on the properties, characteristics and uses of 
engineering materials and finishes. 


The price is right! Only 35¢ for each reprint. On quantity orders, 
discounts are offered. To obtain your copies, indicate in the handy 
coupon below the Manuals you want. Orders will be filled as long 
as the supply lasts. 


Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS IN DESIGN ENGINEERING, then avail yourself 
of an additional service offered by our Reader Service Department. 
Let us add your name to our mailing list, and you will receive the 
next 12 Manual reprints, one each month, for the reasonable price 
of $4.00 per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 


VY Quantity 

.... Industrial Textile Fibers 
..Wrought Aluminum Alloys 

....Pressure Sensitive Tapes 
..Foam Plastics 


VY Quantity 
.... Wrought Phosphor Bronzes 
... Carbon and Low Alloy Steel Castings 
....Carburizing of Steels 
....Malleable Iron oe ea 
.... Surface rey of Steels and Irons ....Electroplated Coatings 

.- Selecting Metal Cleaning Methods ....Materials for Nuclear Power Reactors— 
...-Engineering Coppers PRICE 50c 
.... High-Strength, -AHoy Steels ....Materials for Electrical Contacts 
...Mechanical Properties and Tests .... Gray lron Castings 
....Nuclear Radiation ....How to Select and Specify Glass 
....Close Tolerance Castings .... Nickel Silvers 
....Clad and Precoated Metals ....Hard Coatings and Surfaces 
.... Wrought Non-Leaded Brasses ....Selecting Plastics Laminates 
.... Silicones—Properties & Uses ....Hot Forged Parts 
.... Short Run Press Formed Parts ...-Solid Electrical Insulation Materials 
....Pinishes for Plastics ....Fluorocarbon Plastics 
....How to Select a Wrought Stee! ....Magnesium and Its Alloys 
.... Impact Extruded Parts ....Conversion Coatings for Metals 
....Finishes for Metal Products .... Synthetic Rubbers 

..Nodular or Ductile Cast trons .. Titanium and Its Alloys 


..Corrosion ....Materials for Gears 
EE Ae Fe eel okos BE dG i Miba sk 6d seed 9 «dls ae Bs ene ean ie | eg eT ae ee Ty alae 
ND in Luca bh dlae sven dus ved Wibedd 9 Gu abldtdl lh Ae oh 4h Pah URGE 0 PRBESs ccsb nese ahs Feber dedeeedhs AmawdR » 
nr 8 ak ek Cae kd wae oe CLC AR SE Th ome oSe 00 cabo due eek Obamas ¥ Oe 
LER tei cok Cab wh ccets 6o0scesceccad aches hadaasbeses Dc sastlita di ccncemsneennesé 


[_] Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 
NEERING and would like to be put on your mailing list to receive 
each future Manual, when reprinted. Please start with the 
Pe ene issue. Upon receipt of your invoice, I will pay 
$4.00 for a year’s supply. 
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AND SUPPLY 


molding compounds in truckloa 
quantities will now cost 21% 
per lb. 

Carbon, graphite—National Ca 
bon Co. has completed a seven 
year expansion program aimed a 
adding nearly 100,000 tons of 
carbon and graphite to annual pro 
duction capacity. According to 
Adger S. Johnson, president, “For 
the first time in a number of years 
we now have sufficient productive 
capacity to take care of industry’s 
normal anticipated requirements 
... for several years to come.” 

Nylon—Price reductions of from 
5 to 7% on nylon rod and other 
nylon stock shapes have been an- 
nounced by Polymer Corp. of 
Pennsylvania. 

Die castings—Latest figures re- 
leased by the American Die Cast- 
ing Institute reveal that 1957 will 
again see a new high in aluminum 
die casting consumption. Expected 
total is 385 million pounds—a 
gain of 18 million pounds, oer 
4.9%, over the 1956 all-time high. 

In spite of a decrease in con- 
sumption of zine die castings in 
a number of major areas, indica- 
tions are that the total consump- 
tion of zinc for die castings for 
the year will be at least equal to 
the 362,500 tons used in 1956. 

Steel—More steel was made in 
the first eight months of this year 
than in any previous eight month 
period in this country, according 
to American Iron and Steel Insti- 
tute. 

The record eight month total 
was 78,710,279 net tons of ingots 
and steel for castings. The largest 
previous figure was 76.6 million 
tons during the first eight months 
of 1953. Last year, first eight 
month output was about 72.3 mil- 
lion tons. 

Mr. J. M. Curto, U. S. Steel 
Corp., predicts that 4% more steel 
will be consumed in 1957 than was 
used in 1956. Mr. Curto points 
out that in spite of the currently 
low operating rate, studies indi- 
cate that actual consumption of 
steel is at a record level. 











’ Flat Blanks 
fo Finished 
Cylinders... 









Cupping: Flat COz2z cylinder blank, treated with 


& eo 
i i v Bonderite and Bonderlube, is changed into cylindrical 
form, with maximum of about 45% reduction in 


diameter of blank. 





Better Quality 


one of the nation’s 






















r foremost producers of cylinders 


for compressed gases 
. —NORRIS-THERMADOR CORP.— 
n uses Parker’s aids to cold forming 


‘d First reduction: Diameter of cup is made smaller 
The Bonderite and Bonderlube combination rr we ES WR Se Cae a wae 
provides effective lubrication and acts as a 
non-metallic parting layer between work and 
' dies. More severe deformations are possible, 
- reducing the number of press operations and 
’ | process anneals necessary. Die life is length- 


ened and surface finish improved. 











; Bonderite and Bonderlube, by more efficient 
n lubrication, help plants reach new production 
levels, get more efficient and economical 
production, and achieve better, more 
uniform quality. 


Parker’s cold forming experi- 
ence in many plants and on 
many products is available to 
apply on your cold forming 
problems at once. Write or call 
today. 





Second reduction: Final diameter of part with re- | 
spect to length determines number of reductions 
required. Photos courtesy NORRIS-THERMADOR 
Corporation, Los Angeles, California. 


FREE TECHNICAL BULLETIN MAILED ON REQUEST 


Illustrated technical bulletin ‘‘Bonderite and Bond- 
erlube As Aids In Cold Forming”’ contains detailed 
information. Mailed free on letterhead request. 


PARK] > RUST PROOF COMPANY 
2173 E MILWAUKEE, DETROIT 11, MICHIGAN 




























BONDERITE BONDERITE and BONDERLUBE PARCO COMPOUND PARCO LUBRITE TROPICAL 
corrosion resistant aids in cold forming rust resistant wear resistant for friction heavy duty maintenance 
paint base of metals surfaces paints since 1883 






*Bonderite, Bonderlube, Parco, Parco Lubrite, Parker Pre-Namel—Reg. U.S. Pat. Of. 







For more information, turn to Reader Service card, circle No. 532 
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Take an active part . . . see the actual results . . . of 
procedures and equipment developed to suit your 
specific needs. We feel that the Hayes Laboratory is 


unique in what it offers ... GUARANTEED RESULTS! 


Here’s why: 


¢ Laboratory contains an extensive line of produc- 
tion heat treating equipment on which to develop 
customized plant procedures. 


¢ Ifexisting equipment does not meet specifications, 
new equipment will be designed and built to suit. 


An Added Convenience 


Paa The pilot of our four-place Beech- 
craft Bonanza plane will pick 
you up at any Eastern airport 
within a reasonable radius from 
our plant... and speed you to 
the home of profitable heat 
treating procedures. 














C.1. HAYES, inc. 


Established 1905 


806 WELLINGTON AVE. ° CRANSTON 10, R. I. 
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Solve your heat treating problems 


. .. in our laboratory . . . on production equipment! 


For more information, turn to Reader Service card, circle No. 522 





¢ You can draw from a reservoir of over fifty years 
of accumulated knowledge in this field .. . 
knowledge gleaned in developing the wide line 
of “Certain Curtain” electric furnaces and 
allied equipment. 


¢ You can use our laboratory facilities . . . and the 
services of our entire staff... WITHOUT COST 
OR OBLIGATION .. . because we know that 


those introduced to the superior features of the 
C. I. Hayes line become steady customers and 


good friends. Act today .. . for GUARANTEED 
RESULTS! 


Pe Sees oe ae ae oe oe a OS —Se_ wee Cee Ceres ee ee 

I ree Please send me your new bulletin describing the 
¢. facilities available to me at the C. I. Hayes 

Laboratory. 

| am mostly concerned with the following heat 

treating procedures: 


(] High Speed Hardening [_] Stainless Steel Heat Treating 

[] Tool Steel Hardening ([_] Sintering 

[] Carbo-Nitriding [] Copper Brazing and Soldering 

(] Tempering (_] Lead Pot Hardening and Tempering 
CJ Vacuum Heat Treating [] Atmosphere Equipment 

C) Bright Heat Treating [2] Other. ccccccccccssnnssnnnmneennennnnnneennnennneen 





ETS, SE RE rl eV CO 2 3 ON CO NE 


| | Ath) 





EES ae | REE ee es 


















U. S. Rubber Co. recently an- 
nounced that it has begun a five 
year research and development 
program aimed at 1) developing 
a passenger car tire of “such 
superior quality” that it would 
eliminate the necessity for spare 
tires; 2) producing materials that 
will provide a range of hardness, 
toughness and stretchiness all the 
way from rubber to metals; and 
3) utilizing atomic energy for the 
development of new and better 
rubber and plastics materials. 

According to H. E. Humphreys, 





Rubber Lab to Study New Materials, A-Radiation 


Jr., president, the company’s new 
research center in Wayne, N. J., 
has already developed three new 
experimental tires. One of the 
tires, made of polyurethane rub- 
ber, is claimed to give 200% more 
mileage than tires now in use. 
Another, made of improved butyl 
rubber, is said to add considerably 
to the comfort and smoothness of 
a car’s performance. The third, 
made of silicone rubber and wire, 
is said to withstand sustained 
temperatures up to 500 F. The 
silicone tire is designed for use 














on supersonic aircraft; the rubber 
formulation is claimed to be the 
only rubber-like material that can 
withstand such temperatures and 
still retain elasticity. 

A rubber-plastics blend, based 
on a new combination of acryloni- 
trile, butadiene and styrene, has 
been developed by the research 
center for use as a hot water pipe. 
Although further development 
work is necessary before the new 
material is ready for use in home 
plumbing, its properties are ex- 
tremely encouraging: it is light- 








Progress in tire research is evident by development of Effects of weather on rubber ave tested in new lab by 
using this weatherometer which creates 
rain.” 


three new experimental tires: from left to right, tires are 
made of butyl, polyurethane, and silicone and wire. 






“sunshine and 
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«« Bring us your difficult Nylon parts problems. U.S.G. specializes in 
difficult precision moldings— produces them by injection molding 
in volume production with accompanying cost economies. 


Produces them in Chemiseal Nylon (du Pont Zytel) which has 

the highest compressive strength, is the most rigid, has the best 

resistance to heat, abrasion, chemicals, solvents, oils and greases 
—and is the lowest priced of the standard Nylon compositions. 


| Whatever your Nylon part requirements, check your methods and 
costs with U.S.G. ‘‘Know-how.” 


| ~ Or if your requirements are extruded stock—U.S.G’s new ultra- 
| modern Extrusion Plant offers bubdle-free Nylon rod in diameters 
| up to 3’’; Nylon sheet and tape 12” wide in thicknesses from .002”’ 
{| to 4%"’; Nylon pressure tubing from )4"’ to 14’ O.D. in two types — 
/ for 1000 psi and 2500 psi. 


nited 
tates 
asket Plakhe Dwiiex 


OF THE GARLOCK PACKING COMPANY 


United States Gasket Company 
Camden 1, New Jersey 








ONS 











For more information, turn to Reader Service card, circle No. 392 
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weight, resists chemical attack 
and swelling, and retains strengt 
even at temperatures as high 
220 F. At 160 F, the material js 
said to offer twice the strength o 
standard pipe plastics. 

Atomic radiation is already 
being used to cure rubber. How- 
ever, according to Mr. Humphreys, 
“We see a flood of new materials 

.. resulting from atomic energy. 
We see entirely new processes, in 
which atomic energy does the 
work of heat, pressure, catalysts 
and chemicals. And we are seek- 
ing to develop special types of 
rubber which will stand up under 
atomic rays at atomic energy 
plants.” 

U. S. Rubber is experimenting 
with atomic energy at the new 
center with a_ two-million-volt 
electron accelerator. It also plans 
to share with nine other compa- 
nies a nuclear reactor now being 
built at Plainsboro, N. J. 

Altogether, U. S. Rubber plans 
te spend a minimum of $120 mil- 
lion over the next five years on 
research and development and, ac- 
cording to Mr. Humphreys, “We 
expect .. . our new research cen- 
ter ... to set the pace for the 
future.” 


Three Producers Form 
Largest Titanium Mill 


What is claimed to be the larg- 
est integrated titanium mill in 
the United States has _ been 
formed by 'P.R. Mallory & Co., 
Inc., Sharon Steel Corp. and 
National Distillers & Chemical 
Corp. According to J.A. Roemer, 
president of Mallory-Sharon, the 
new operation will be capable of 
melting 12 million pounds of 
titanium per year. Last year the 
entire titanium industry shipped 
10 million pounds of finished mill 
products. 

The merger will work this way: 
Mallory-Sharon Titanium Corp. 
(now owned jointly by P.R. Mal- 

















































2500°F... silver dollar melts, 
but 3/16” of Micro-Quartz 
keeps the hand cool! 


MICRO-QUARTZ e e e this new insulation stands up 


to temperatures beyond 2000° F—heat that ravages other materials. 
What’s more: Micro-Quartz is one of the most efficient insulation 
materials on a thermal-resistance-to-weight ratio. With a density of 
only 3 lbs./cu. ft., Micro-Quartz pares insulation weight and space re- 
quirements. It has low heat capacity; does not decompose or become 
brittle, even under high-frequency vibration. Micro-Quartz is boron- 
free, and contains no binder. Yet it is felted into sheets strong enough 
for easy handling and forming to irregular contours. In felt or bulk, 
Micro-Quartz may be the answer to your high-temperature problems. 
For data, write on your letterhead to: L:-O-F Glass Fibers Co., 
Department 37-117, Toledo 1, Ohio. 


L°O-F GLASS FIBERS COMPANY + TOLEDO 1, OHIO 
For more information, turn to Reader Service card, circle No. 429 
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CHROMALOX 
ELECTRIC 
TUBULAR 
HEATERS 


..-bend to the shape 
you need 


Here is your quick, efficient and economical 
answer to hundreds of electrical heating prob- 
lems. Clamp to metal surfaces, fit into machined 
grooves, cast into metals, immerse in liquids, 
install in ovens and ducts. 

Versatile Chromalox Electric Tubular Heaters 
may be ordered in straight lengths or factory 
formed to nearly any shape required. 

Select sheath metal and wattage to match your 
application and operating temperatures. 


FREE — Send today for these 
2 BIG HEATING HELPS 
Catalog 50 — describes 
complete Chromalox line 
of “packaged” heaters, ele- 

ments and controls. 
Booklet F1550 — “101 
Ways to apply Electric 
Heat.” 





C-2110-A4 


Edwin L.Wiegand Company 


7523 Thomas Boulevard, Pittsburgh 8, Pa. 








For more information, circle No. 548 
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lory and Sharon Steel) will ac- 
quire all of the titanium and zir- 
conium production facilities of 
National Distillers, plus the en- 
tire ownership of Reactive Me- 
tals, Inc. (now jointly owned by 
National and Mallory-Sharon). 
Next Mallory-Sharon will change 
its name to Mallory-Sharon Me- 
tals Corp. The new corporation 
will then be owned one-third each 
by National Distillers, P.R. Mal- 
lory and Sharon Steel. 


High Purity Iron 
Aim of Battelle Study 


For the ninth year in succes- 
sion, the American Iron and Steel 
Institute is underwriting a special 
program at Battelle Institute 
aimed at production of purer iron 
through better purification meth- 
ods. 

Two possible preliminary puri- 
fication methods to be considered 
are direct zone purification of high 
oxygen electrolytic iron and vacu- 
um melting of electrolytic iron 
with carbon. According to Dr. 
George W. P. Rengstorff, head of 
the program at Battelle, a supply 
of 1-lb ingots of zone purified iron 
will be maintained for distribution 
at the direction of AISI. 


New Division in SPI 
to Cover Epoxy Resins 


The Society of the Plastics 
Industry, Inc. has established a 
new division which will be pri- 
marily concerned with advancing 
epoxy resin technology. The new 
division, known as Epoxy Resin 
Formulators, will cover electrical, 
tooling and adhesives fields. 

Ultimate aim of the new SPI 
division is the development, in 
cooperation with other groups, of 
specifications, chemical and phys- 
ical test procedures performance 
standards and testing programs 
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This Niagara Aero After Cooler also cools 
compressor jacket and intercooler water. 


COMPRESSED AIR 
® Lower in Cost 
® Drier and Cooler 





| THE NIAGARA AERO AFTER 
| COOLER offers a completely self- 
| contained method replacing both 
| shell-and-tube cooler and cooling 
tower. It is independent of a large 
supply of cooling water and consist- 
ently reduces compressed air tem- 
peratures to below ambient. 


Drier air gives you better operation 
and lower costs in using all air- 
operated automatic instruments, tools 
and machines, paint spraying, sand 
blasting and moisture-free air cleaning. 


Direct saving in the cost of cool- 
ing water saves the price of the 
Niagara Aero After Cooler in less 
than two years. 


Niagara Aero After Cooler as- 
sures all these benefits because it 
cools compressed air or gas below the 
temperature of surrounding at- 
mosphere; there can be no further 
condensation in your air lines. It 
condenses the moisture by passing 
the air through a coil on the surface 
of which water is evaporated, trans- 
ferring the heat to the atmosphere. It 
is installed outdoors, protected from 
freezing in winter, proven in service 
on the largest plant utility systems. 


Write for Bulletin No. 130 


NIAGARA BLOWER COMPANY 


Dept. MM-11, 405 Lexington Ave. 
NEW YORK 17, N. Y. 


District Engineers in 


Principal Cities of U.S. and Canada 
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2. Then RINSE! 


with Turco Alkaline Rust Remover 


CROSSES 


PHOTOGRAPH COURTESY AXELGON MFG. CO. 





Here’s a single-tank process that completely obsoletes con- 


ventional methods of removing rust, paint and primer. With THE CHOICE IS YOURS! 
Turco Alkaline Rust Remover, you just dip, then rinse! 








! That’s all there is to it! 
An easy-to-handle, powdered material, Turco Alkaline the obsolete method the TURCO method | 
: Rust Remover normally strips slightly pitted rust in less than 

a minute. Heavy rust and multiple paint layers require only of rust and of rust and 

a few minutes’ immersion. Turco Alkaline Rust Remover paint removal paint removal 

requires no after-neutralization...no electrolytic current. It | 

contains no cyanide compounds...emits no corrosive fumes. 1. Dip for alkaline 1. Dip for rust and 
' Moreover, it does not affect dimensional tolerances, cause degreasing and paint removal plus | 
hydrogen embrittlement, or create any of the other hazards paint removal rust prevention 
; commonly encountered with acids. Since Turco Alkaline Rust 2. Rinse 2. Rinse 





Remover actually decreases the tendency of metals to re-rust, 
the need for subsequent rust preventive treatments is vir- 
tually eliminated. 


3. Acid dip for rust 
and red oxide 


removal 
Turco Alkaline Rust Remover has been thoroughly proven 4. Rinse 
| in the laboratory... exhaustively tested in the field... and 5. Neutralize 
universally accepted by industry! Check this new way... 2 
this better way ...to beat back the problem of rust! 6. Rinse 
QUICKLY REMOVES TENACIOUS HEAT SCALE, TOO! 7. Dry 
| Now... with Turco Alkaline Rust Remover used electrolyti- 8. Dip for rust 
: cally, tenacious heat scale can be quickly and completely prevention 
removed...with no dimensional loss to the base metal. 
Moreover, the descaled metal surfaces are exceptionally sie seenil 


clean, shiny and free from smut, with a minimum tendency 


t t TELLS HOW — Write today for 
© re-rust. free 4-page illustrated folder describing Turco Alkaline 
Rust Remover — the non-acid compound that quickly 


removes rust, paint and primer in two simple steps. 












MAIL COUPON TODAY! 


TURCO PRODUCTS, INC. 
6135 SO. CENTRAL AVE., LOS ANGELES 1, CALIF. 


Please send me free 4-page illustrated folder 
describing Turco Alkaline Rust Remover 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds 


6135 SOUTH CENTRAL AVENUE, LOS ANGELES 1, CALIFORNIA 
Factaries: Newark, Chicago, Houston, Los Angeles, London, Rotterdam, 
Sydney, Mexico City, Paris, Hamburg, Montreal, Naha (Okinawa) 


Manufactured in Canada by B. W. Deane & Co., Montreal 
Offices in all Principal Cities 
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Aluminum torque tube, used 
in control of aircraft trim 
tabs, being hard-surfaced 

at end bearing sections. 
Molybdenum is used on these 
press-fit bearing sections 
and build up to required 
dimension completed with 
hard stainless steel. 


A wide range of hard metals, including 
molybdenum and hard stainless steel 
are being applied to light weight metals 
to provide even longer service life than 
is possible with solid steels, yet retain- 
ing the weight-saving advantages. 


Application is relatively simple — fast, 
modern metallizing guns will spray 
over 20 pounds of stainless steel per 
hour. This, in the comparatively thin 
coatings used, usually ranging from 









in Great Britain: 


NAME _ 


Light weight, hard-faced 
aluminum and magnesium 
outwear steel 








Molybdenum, steel or stainless 
Sprayed coatings, applied at 
high speed and low cost, 
offer many opportunities for 
product improvement. 


Inside cylinder wall of 
portable gasoline engine 
being sprayed with molybde- 
num. Part showed little or no 
wear after 4,000-hour test 
run. Chrome-plating broke 





This accounting- 
machine undercarriage 
—made of aluminum 
for light weight— 

is being hard-surfaced 
by metallizing 

with steel. 


.003” to .010”, spells high-speed surface 
coverage. Semi-automatic control equip- 
ment is available for production line 
operations. Free operator training and 
on-the-spot service is supplied by full- 
time, company-trained, field engineers. 


For further information send off the 
coupon attached or even better, write, 
giving us some idea of the application 
you have in mind. 


Metallizing Engineering Co., Inc. 


1175 Prospect Ave., Westbury, L. !., New York + cable: METCO 


Telephone: EDGEWOOD 4-1300 


METALLIZING EQUIPMENT COMPANY, LTD.— Chobham near Woking, England 
BSS SSSR AERHHTLABEARAEEHHHRABEAME RARE MMMM RO 


Please have a field engineer call upon me. 
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down in less than 400 hours. 








covering epoxy compounds us: 
for industrial and consumer a 
plications. 

Members of the new section 
are: Armstrong Products Co.: 
Furane Plastics, Inc.; Houghton 
Laboratories, Inc.; Kish Indus- 
tries, Inc.; Mainland Plastics Co.. 
Inc.; Marblette Corp.; Permace] 
Tape Corp.; Ren Plastics, Inc.; 
Rezolin, Inc.; and U.S. Gypsum Co. 


Metal Powder Parts 
Get Another Name 


‘“‘Powder-metallurgy parts’ has 
officially replaced “‘sinterings” as 
the product designation for the 
structural and bearing units pro- 
duced by the 18 member companies 
of Powder Metallurgy Parts Man- 
ufacturers Assn. 

According to a spokesman for 
the group, the main reason for 
the change is that “sintering is 
only one specific process among 
the many phases of production 
that are required to transform 
metal powder into ... a part.” 
(For comment on this name 
change, see MATERIALS IN DESIGN 
ENGINEERING, Oct ’57, p 336.) 


‘Shots’ for Trees Aid 
Cellulose Research 


By means of an ordinary hy- 
podermic syringe, a dose of 
radioactive carbon 14 was recent- 
ly injected’ into the trunk of a 
small pine tree. Reason: possible 
improvements in rayon, cello- 
phane, photographic film and 
paper, lacquers, plastics and many 
other of the 500 products made 
from the tree’s chemical cellulose. 

According to Dr. R. L. Mitchell, 
manager of research, Rayonier, 
Inc., the experiment marks the 
beginning of a new era in forest 
chemistry. Dr. Mitchell explained 
that the injection of the tree 
with radioactive substance will 


i a Si No 















































“You say that ever since you learned 
what a versatile tubing Metalflo ts, you can’t stop dreaming up 


new applications for tt, no matter where you go?’’ 





a Look for us at Have you ever thought of using H&H Metalflo as a possible 
of the ARI Exposition ; , 
t Booth No. 258 substitute for seamless brass or copper tubing? A sturdy, 
a brazed brass tubing that costs less than seamless, Metalflo 
le Expectthe BEST. : 

is today being used in the manufacture of numerous prod- 
ae brass and copper © 
d products from ucts such as fireplace fixtures, plumbing brass goods, spray- 
y ing equipment, automotive tubular parts and many others. 
le 
H & H 
1, TUBE AND MANUFACTURING CO. 
r, 





252 N. Forman Avenue, Detroit 17, Michigan * Offices from Coast to Coast 


[a G&G = © 5-4 


I METALFLO LOCKSEAM COIL STRIP SEAMLESS TUBING TUBULAR PARTS 
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A FULL LINE OF 










tag this year’s growth ring for 
use in later research. The tree 
will eventually be cut down, de- 


barked, ground into small chips oe 
and turned into cellulose. The us Cr°On | £ 


radioactive tracers will help re- 
searchers follow cellulose char- 
acteristics and behavior right on 
through to any end product ca- 
LONG WEARING pable of being reproduced in the 

laboratory. FOR CHROMATE 
LOW FRICTION TREATING 


UNIQUE (OIL-FREE) Engineers ‘ZINC 


A : ‘ 
‘ f LF- Li # R CAT : Hl F Dr. Oscar T. Marzke has rejoined | #50: ere Seon ne, athe 
U. S. Steel Corp., as vice president, | 007 » Fe- 


quires leach. 






























fundamental research after a ten- | #51: Similar to #50, but bluish 

year association with U. S. Naval | chrome-like color. 

Research Laboratory | #52: Low-cost, no leach, bright, 
: passive. 


Charles A. Mueller has been named 


EXCELLENT DURABILITY - CONSTANT chief engineer, Gas Process Div., | CADMIUM 
COEFFICIENT OF FRICTION - APPLICABLE Li : : 

indberg Engineering Co. , 

OVER A WIDE TEMPERATURE RANGE S 8} & #50: See under Zinc, above. 


(450° to +700°F.) John P. Day is now with Cohu #53: a cae se 
retcinamnarttaingaahs oS. oe gate Electronics, Inc. as chief develop- leach. : 


SUBMERGED IN WATER, GASOLINE OR 
LIQUID GASES - NON-CONTAMINATING 
IN FOODSTUFFS - EXCELLENT FOR 
CURRENT-CARRYING BEARINGS 


ment engineer of Kin Tel Div. 


Dr. Alex Stewart has been elected COPPER & BRASS 












































































president and general manager of | Cobra: Bright, yellowish, decora- 
R-N Corp.—a new organization tive and/ or protective film, 
GRAPHALLOY is widely used for self- owned equally by National Lead Co. non-fuming, single dip. 
lubricating piston rings, seal rings, and Republic Steel Corp. 
thrust and friction washers, pump vanes. ALUMINUM 
PrrrrTy —— r Dr. J. Howard Brown is now re- 
@ search manager of phosphorus che- 222M Sealer: oye or colored film 
bed Le : P or corrosion protec- 
1" OMP os mistry research at the analytical tion and paint bond. 
~ S and physical chemistry laboratories, 
; Lal to Hooker Electrochemical Co. Morton MAGNESIUM 
) = Zs = S. Kircher has also been made a re- 
oe PPLIED search manager, in charge of inor- MPD 60: Yellowish film for corro- 
Go 2) S y ganic and electrochemical research wes protection and paint 
6. : ase. 
Zane T i and the Virgo laboratory. 
BRUSHES * CONTACTS George D. Keller has been appointed Data Sheets and Prices on Request. 
) GRAPHALLOY has high-performance chief engineer, Brooks Rotameter Send in part for free processing. 
electrical properties: low electrical Co 
high seal one = ~ West Coast: Crown Chem. & Eng 
current imum wear ° rr 
Brush Holders and Assemblies, Coin Sil- Stanley M. Norwood has been named Los Angeles & San Francisco 
| ver Slip Rings and Assemblies available. assistant to the president, Electro Canadian Licensee: Alloycraft Ltd. 
| USE OUR 40 YEARS OF DESIGN EXPERIENCE! Metallurgical Co. Mr. Norwood will — 

















ms : continue as vice president of this 
GRAPHITE METALLIZ ING CORPORATION Union Carbide Corp. division. 
1010 Nepperhan Ave. * YONKERS, NEW YORK 


0 Please send data on Graphalloy Oil-Free BUSHINGS. 
Send data on BRUSHES and CONTACTS. 







Whitney Collins is leaving Conti- 
nental Aviation and Engineering 
Corp. to join Solar Aircraft Co. as 
executive assistant to the president. 


Dr. John H. Hoke has moved to 
Crucible Steel Co. as supervisor of 
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Protect 
your 
product 





J-M ASBESTOS PAPERS—the fast, low-cost way 


to keep heat and flame under control 


Here's the magic mineral, asbestos—in 
low-cost, easy-to-use form—ready to help 
you control heat and flame fast in every 
step of your operation. 

In over 70 different industries versatile 
Johns-Manville Asbestos Papers are on 
the job—keeping heat in or out—keeping 
corrosion and flame under control—keep- 
ing production costs down. In sheets and 
tapes, these flexible papers can be applied 
practically anywhere. They are not af- 
fected by temperatures to 400F— keep 
char and smoke to a minimum. 


ij 





Keep costs down 


Low-cost J-M Asbestos Papers pay their 
way over and over again, because they 
won't burn or deteriorate under most 
working conditions. You cut just the 
amount you need for any job—and re-use 
it again and again. 


A grade and style for every job 


The complete line of J-M Asbestos Papers 
includes a full range of thicknesses in 
widths up to 72 inches in Commercial 
Paper and Rollboard for covering ducts 


and pipes, for thermal insulation and 
gaskets— Fibroid papers for use as base 
sheets in electrical insulation, and special 
papers for electrolytic cells, sign manu- 
facturing, welding, and 

many other uses. 


For a Free Brochure 
on J-M Asbestos 
Papers, write Johns- 
Manville, Box 14, 
New York 16, 

N.Y. In Canada, 
Port Credit, Ont. 





4| JoHNs-MANVILLE ASBESTOS PAPERS 
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MANUFACTURED BY MAKERS OF WILSON ‘‘ROCKWELL’’— 
“THE WORLD’S STANDARD OF HARDNESS TESTING ACCURACY” 


WILSON “TUKON’” 


MICRO-HARDNESS TESTERS 


| 


Here’s the 


accurate way to test such 
fine precision parts as— 
fine wire « very thin metal « shallow 


superficially-hardened surfaces 


components e surface coatings « jewels 
plastics e glass « and many other materials 





Use both Knoop and 136° 


Diamond Pyramid Indentors 





Wilson engineers help you choose model to fit your requirements 


MECHANICAL INSTRUMENT DIVISION 


AMERICAN CHAIN & CABLE 












small 










Write for Booklet 
DH-328 for com- 


WILSON ‘“‘TUKON’’ 
Micro and Macro 
Hardness Testers. 
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The new 
STANWOOD 


plete information on 








Following exhaustive tests, Stanwood 
offers the new Cor-Wal construction 
Stacking Baskets. Sides of this heat re- 
sistant alloy basket are corrugated 
rolled metal, imparting a longer service 
life, greater load carrying ability and 
lighter weight. Bottom grid, grid sup- 
porting base ring and stacking ring at 


Cor-Wal Construction 
in Stacking Baskets 


top are high temperature cast alloy. 


Use Stanwood's broad experience and 
modern facilities for your heat treating 
equipment—baskets, trays, fixtures, re- 
torts, pots, carburizing boxes and fur- 
nace parts. Send for catalog. Stanwood 
Corporation, 4813 West Cortland 
Street, Chicago, 39, Illinois. 


CONSULT THE STANWOOD SALES ENGINEER IN YOUR AREA. 


For more information, turn to Reader Service card, circle No. 583 
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the Stainless Steels Section of 
Central Research Laboratory. 


Basil T. Lanphier and Howard 
Beaver have accepted new positio: 
with Carpenter Steel Co. Lanphi 
has been promoted to manager 
research and Beaver to production 
metallurgist in charge of melting 
and hot working. 


Edgar W. Engle has been appointed 
development engineer by Kenname- 
tal, Inc. 


R. R. Furney, M. M. Schall, R. E. 
Fletcher and Carl Gustafson have 
been named assistant chief engi- 
neers at Dana Corp. Mr. Furney was 
assigned to the Clutch Div., Mr. 
Schall to the Hydraulic Trans- 
mission Div., and Mr. Fletcher and 
Mr. Gustafson to the Mechanical 
Transmission Div. 


Charles W. Ostrander has been ap- 
pointed technica] director of Allied 
Research Products, Inc. Raymond 
Stricklen has been named laboratory 
director at Allied’s Development 
Laboratory. 


Lloyd W. Root is now associated 
with George Behm & Sons Co. as 
director of research for the Pre- 
cision Optical Glass Div. 


Francis B. Foley has been engaged 
by Pencoyd Steel & Forge Corp. as 
executive metallurgical engineer. 


R. J. Keller, A. C. Smith Corp., is 
now chief engineer of the Welding 
Products Div. 


Companies 





Bendix Aviation Corp. will double 
manufacturing facilities of its Com- 
puter Div. 


DeVilbiss Co, has agreed to pur- 
chase the Newcomb-Detroit Co. 
through an exchange of stock. New- 
comb-Detroit will be operated as a 
DeVilbiss subsidiary. 









Electro Metallurgical Co., a division 
of Union Carbide Corp., is con- 
structing an addition to its proces: 
research building in Niagara Falls 
N. Y. Scheduled for completion in 
November, the addition will more 











Welding the “natural” way 
with f welding positioners 


Downhand welding is faster, easier, more economi- 
cal. And P&H Welding Positioners enable your 
weldors to quickly and easily position their work for 
faster welding in the downhand — the natural — 
position. 

Downhand welding also permits the use of hotter, 
faster electrodes. Penetration is much better, welds 
are smoother, neater, more uniform. 

By simply pressing control buttons, the weldor 
safely positions pieces as heavy as 100,000 pounds 
for maximum comfort and speed of welding. Worker 
efficiency goes up — and so does your production! 


What’s more, labor and overhead — the vital fac- 
tors that cost you 86¢ out of every welding dollar — 
can be cut in half by using P&H Positioners for weld- 
ment handling. 

Investigate P&H Welding Positioners.” Write to 
Dept. 320G, Harnischfeger Corp., Milwaukee 46, 
Wisconsin. 


HARNISCHFEGER 


WELDERS e ELECTRODES ¢ POSITIONERS 
MILWAUKEE 46, WISCONSIN 
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How Industry Uses INVESTMENT CASTING 
to cut production costs ! 








than double space now available { 
chemical metallurgy research. 


Apex Smelting Co. has acquired f 
ownership of National Metallurgi: 
Corp. 


ollar, used 
quipmen' . 
chined in 


bar stock, : d all 


An intricate © col 
ts. It elimi- 
blanking, . ™ ? 
smachining Escambia Chemical Corp. is eo 
ing, pre-machining and i siding. ly. © structing a 50,000-sq-ft research ce 


4g Operations é 4 . . ‘ : 
were ated many | i‘ ‘And it mate ter at Wilton, Conn., for occupation 


Les . cost of pro 2 
problems and proved of duced = early in 1958. 
too expensive. ; | duction. 














a Columbia-Southern Chemical Corp., 
*Details on request ea a subsidiary of Pittsburgh Plate 

Pe Glass Co., has acquired half interest 

If you have a precision parts problem, perhaps Investment a in NRC Metals Corp., a National 
Casting can help you. If the part measures 6” x 5” or smaller, Research Corp. subsidiary. NRC 
if it weighs 3 Ibs. or less, if it requires starting tolerances as | Metals will be known as Columbia- 
close as plus or minus .005” per linear inch, if it now needs 5 National Corp. and will be operated 


Send today for or more fabrication steps, maybe you NEED Investment Casting. | as a jointly owned subsidiary of the 
our new 12-page : : 


rene er” | ALEXANDER SAUNDERS & CO. | 7s 


ment Casting.” : P a ° . 
It tells you the Precision Casting Equipment and Supplies | Westinghouse Electric Corp. is con- 


ho int w noardll 93 Bedford Street, New York 14, N. Y. ee structing a new manufacturing and 
Casting. WAtkins 4-8880 | repair facility at Compton, Calif. 
Photo and data courtesy of The International Nickel Co., Inc. Scheduled for completion by Novem- 
meena ) — ber, the building will provide 88,000- 


sq-ft of plant and office space. 








as ee 











Era Engineering, Inc., Santa Mon- 
ica, Calif., is a newly formed corpor- 
ation. Its objective is the develop- 
ment of new systems and devices in 
the electronics, radiation and rocket- 
ry fields. 


processes give you 


: General Ceramics Corp. is construct- 

‘ ry ' Za ing a new building in New Jersey 

° tremendous SQvVINGS eN Pl to provide additional production 

facilities. 

‘3 high production .y ) -_- Martin Co. is this year’s recipient 

. ° “ona ty , 2 of the Franklin Institute’s John 

e uniformity of finish : , F Price Wetherill Medal for “recogni- 

ca = tion of intensive research, develop- 

ment and manufacture of bonded 

structures.” The medal is being pre- 

sented to a company, rather than an 

individual, for the first time in al- 
most a quarter century. 





Savings on deburring, descaling, grinding, polishing, coloring and 
surface improvement by Roto-Finish barrel finishing processes are 
tremendous. Expensive hand finishing can be eliminated. 

Acme Steel Co. has started con- 
struction of a $23 million steel- 
making plant expected to be in 
operation early in 1959. It will be 
the first U. S. plant to use a new 
steel production process—the com- 
Let Us Help You with Your Problems bination of hot blast cupolas and 
oxygen blown converters—and wil! 
have an initial capacity of 450,000 


Ker-s tncdle, : a aie = , ee 


' American-Marietta Co. and Boot) 
Phone Fi 3- ; 
3726 Milham Rd., Kalamazoo, Mich. a sabe | Resineers, Inc. have joined forces 


Results Guaranteed ! Send samples of finished and unfinished parts 
to Roto-Finish. Roto-Finish Sample Processing Laboratories will prove to 
you — before you buy — that Roto-Finishing will give you the results you 
want. Furthermore, Roto-Finish guarantees to produce the same 

results in your plant that are achieved in sample processing. 
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Tough 2%” diameter mandrel at Rc 44 on 1150 ton brass extrusion press. Scovill Manufacturing Co. 


Mandrel of HALCOMB 218 
retains toughness and hardness 
at hot work temperatures... 


This mandrel is made of Haleomb 218—a tough, air-harden- 
ing hot work steel. Haleomb 218 is suitable for tools like 
this which require a higher degree of toughness at moder- 
ately elevated temperatures than is obtainable with the 
tungsten types of hot work steels. And Halcomb 218 retains 
both its hardness and strength at these temperatures. 

For example, at a hardness of Re 44, Halecomb 218’s 
Charpy Impact Strength is 33 ft-lbs at 500F. And it will 
retain this hardness after 1 hour, after 10 hours and even 
after 100 hours at temperatures up to 900F. 


Properties like these cut tooling costs. The mandrel shown 
above is good for 1200 pushes, for example, and even then 
all it needs, usually, is repolishing before being used again. 

Halcomb 218 is particularly useful for all hot work oper- 
ations on which drastic coolants are used. It even resists 
breaking very successfully when water cooled in operation. 
If these sound like advantages you can use, call your local 
Crucible representative for more complete data. Crucible 
Steel Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor —Railway & Power Engineering Corp., Ltd. 
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McDanel round or oval Insulators, 1”, 
2” or 3” lengths. Flexible and adapt- 
able to irregular thermocouple con- 
nections. Special sizes and lengths 
available. Guaranteed up to 2900° F. 





MIS DYANelL 


REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . 


INSULATORS AND INSULATING TUBING 


@ Need round or oval, single or multiple bore 
insulators or insulating tubing? McDanel Insulating 
Tubing and Insulators hold close tolerances from 
side to side and end to end. No thin wall “hot 
spots” allow heat to deteriorate or break thermo- 
couple wires. McDanel Tubing and Insulators are 
guaranteed up to 2900° F. We make special sizes 
and lengths up to 80 holes. Contact us today! 


Send for 
Bulletin PI-55 
TODAY! 








PENNSYLVANIA 



































The plastic mouldings 
that simulate brass, 
chrome or copper. Use it 
on any raw edge for a 
sparkling finish. It’s 
~ highly flexible. Dimen- 
kine sionally stable, resists 
heat, salt water and cor- 
rosive elements. Never 
tarnishes. 








We are specialists in 
small, custom-cast 
Alnico IJ Type magnets. 








A complete injection mould- 
ing service with specialized 
emphasis on unbreakable 
plastics. 





A complete bent glass and silver- 
ing service. We manufacture 
parabolic, spherical, elliptical, 
magnifying and minifying mirrors. 


Write for specification catalogs. 
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through an exchange of stock. Boo 
will continue present operations : 
a division of American-Marietta. 


Spencer Chemical Co. has start: 
production at its new nylon pla 
in Henderson, Ky. A feature of th 
new plant is a pilot size productio 
unit for nylon resin research. 





Societies 
American Society of Tool Engi- 
neers announces that its local 


seminars were so successful that a 
new series of Tool Engineering Sem- 
inars will be given this winter on a 
nation-wide basis. 


American Society for Testing Ma- 
terials has elected the following offi- 
cers: president—R. T. Kropf, Beld- 
ing Heminway Co.; vice president— 
F. L. LaQue, Development and Re- 
search Div., International Nickel Co. 
Directors elected for three-year 
terms are: C. L. Clark, Timken Rol- 
ler Bearing Co.; A. E. Juve, Techni- 
cal Services Research, B. F. Goodrich 
Co.; J. H. Koenig, School of Ceram- 
ics, Rutgers University; R. E. Peter- 
son, Research Laboratories, Westing- 
house Electric Corp.; and R. W. 
Seniff, Baltimore & Ohio Railroad Co. 

Recipients of awards are: R. U. 
Blaser & J. J. Owens—the Charles 
B. Dudley Medal; Walter Ramberg 
and L. K. Irwin—the Richard L. 
Templin Award; K. G. Compton and 
A. Mendizza—the Sam Tour Award; 
Stanton Walker—the Frank E. Rich- 
art Award; R. C. Adams—the Max 
Hecht Award; and T. C. Powers— 
the Sanford E. Thompson Award. 
Awards of Merit for outstanding 
service were presented to: John W. 
Bolton, Donald L. Colwell, A. G. H. 
Dietz, Theodore Parker Dresser, Jr., 
Paul V. Faragher, Edgar W. Fasig, 
William A. Kennedy, Wilmer H. 
Koch, R. Earl Penrod, Frank W. 
Reinhart, Francis G. Tatnall and 
Walter C. Voss. 


American Society of Mechanica! 
Engineers has elected four Fellows. 
They are: Ray N. Benjamin, Georgia 
Power Co.; Carey H. Brown, for- 
merly of Eastman Kodak Co.; 
George M. Muschamp, Minneapolis- 


10 SECONDS 


2 MINUTES Conventional laminate continues to burn freely. 


Flame test contrasts epoxy laminates cured with 
conventional hardener (left) and with HET anhydride (right). 


36 SECONDS 





Flame sources removed at 30 seconds. HET-cured 
laminate snuffs out instantly with local charring only. 


3 MINUTES Conventional laminate is almost totally destroyed. 


Where can you use an epoxy 
that resists flame? 


Your laminates and castings shrug off heat, 
moisture—even fire—when you cure with HET® anhydride 


What could you do with 

—a glass-reinforced epoxy laminate 
that keeps practically all its flexural 
strength even when you heat it with- 
in the 300-350°F range? 

—an epoxy potting resin that retains 
its room-temperature electrical prop- 
erties at high humidities and at tem- 
peratures above 300°F—and won't 
feed a fire? 


These examples only hint at the 
amazing performance you can get when 
you use HET anhydride as a curing 
agent for your epoxy resins. 

Conventional curing agents can’t give 
you HET’s combination of strength 
at high temperatures; fire resistance; 
high heat distortion temperature; good 
power factor and stable dielectric con- 
stant, both unaffected by moisture. 


Plastics that fit the job 


DUREZ PLASTICS DIVISION 


For easier casting or wet layup, you 
need not handle HET anhydride hot. 
You can mix it with another anhydride 
to form a curing system that stays liq- 
uid at room temperature. Also, HET 
anhydride has very low toxicity. 

For complete information on HET 
anhydride, methods of use, and proper- 
ties of cured resins, write on your busi- 
ness letterhead for Bulletins 19 and 43. 


HOOKER 





HOOKER ELECTROCHEMICAL COMPANY 
3411 Walck Road, North Tonawanda, New York 


CHEMICALS 
PLASTICS 
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Assembly-line application of 
NOPCO" LOCKFOAM PLASTICS 


... with NOPCOMETER ®, the proven 
automatic metering, mixing and dispens- 
ing machine. Nopco LOCKFOAM, the 
versatile urethane foam plastic which 
when poured in place shapes itself to fill 
any cavity regardless of configuration, 
can now be incorporated into a variety 
of products on an economical produc- 
tion line basis with the Nopcometer. 

The Nopcometer is the answer to the 
need for accurate, dependable meter- 
ing, mixing and dispensing of any of the 
Lockfoam formulations at the produc- 
tion line automatically . . . and intermit- 
tently. Compact portable design permits 
easy transfer to any point along the 
assembly line for manufacture of both 
small and large units. The illustration 
above shows the Nopcometer in opera- 
tion pouring Lockfoam P502 structural 
panels 2” x 4’ x 8’ at a rate of 20 Ibs. 
min. An increase of 2400% over patch 
pouring. 

Structural and insulating sandwich 
panels, trailer truck bodies, freezer cabi- 
nets, and encapsulated electronic assem- 
blies are just a few of the products now 
being produced daily with current Lock- 
foam formulations. 

Lockfoams are formulated to provide 
any degree of rigidity or flexibility, ten- 
sile strength, density, and thermal or 
electrical properties. And with the Nop- 
cometer manufacturers: now have a 
combination that opens unlimited possi- 
bilities for new manufacturing tech- 
niques ...new product designs... and 
vastly better product performance. Both 
are now available for large scale volume 
production requirements. We await your 
inquiry. 





PLASTICS DIVISION 
NORTH ARLINGTON, N. J. 
Los Angeles, Calif. 
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Honeywell Regulator Co.; and 
Thomas F. Perkinson, General Elec- 
tric Co. ASME Fellows are limited 
to engineers “of acknowledged at- 
tainment with 25 years of active 
practice in the profession and who 
have been Society members for 13 
years.”” ASME is also bestowing its 
highest honor, honorary membership, 
on E. G. Bailey, former president. 
Mr. Bailey is cited for his imagin- 
ative leadership, his inspired guid- 
ance for youth and his long service 
to the Society. 


American Society for Testing Ma- 
terials has presented its Award of 
Merit to John W. Bolton (in ab- 
sentia) in recognition of distin- 
guished service to the Society. Mr. 
Bolton, retired, formerly di- 
rector of metallurgical research and 
testing, Lunkenheimer Co. 


was 


Society of Vacuum Coaters has been 
chosen as the name of a new group 
tentatively listed in our May 1957 
issue as the Vacuum Metallizing 
Assn. M. S. Adler, 2036 E. 22nd St., 
Cleveland 15, may be contacted for 
further information. 


Environmental Equipment _Insti- 
tute has elected the following offi- 
cers: president—E. S. Brown, Stand- 
ard Cabinet Co.; executive vice presi- 
dent—R. J. Jacobson, Cincinnati 
Sub-Zero Products; and general man- 
ager—Dr. George D. Wilkinson, 
George D. Wilkinson Co. Executive 
committee members are: Jack Sham- 
roth, American Research Corp.; 
Alexander I. Newman, Hudson Bay 
Div., Labline, Ine.; and Robert 
Brown, Tenney Engineering, Inc. 


Institute of Environmental Engi- 
neers has elected the following offi- 
cers: president—Henry F. Sander, 
Vapor Heating Corp.; executive 
vice president—Roger J. Amorosi, 
Parameters, Inc.; vice president, fis- 
eal affairs—Harold C. Jones, Wes- 
tinghouse Air Arm Div.; vice presi- 
dent, membership—Irving P. Polak, 
MJL Operations, Marquardt Air- 
craft Co.; vice president, publica- 
tions—Cyril C. Campbell, Convair 
Astronautics; and vice president, lo- 
cal chapters—Arthur Billet, Aero 
Hydraulics Div., Vickers, Inc. 


(News of Meetings on p 274) 











STRAITS 


TIN 
REPORT \~ 


New developments in 
_the production, mar- 
keting and uses of tin 





A tin “doughnut” is now being used to 
reduce water evaporation from rese: 
voirs—an important conservation meas 
ure in our chronic, and growing, short- 
age of water. It dispenses flakes of 
hexadecanol, which lab studies indicate 
reduces evaporation losses up to 65%. 
This “doughnut” is a tub-shaped device 
without top or bottom, and 6 feet in 
perimeter. The outside surface is brass 


| screen and the inside surface sheet tin. 


It is supported by means of inflated 
plastic bags. 
* * * 

By using modern printed circuit solder- 
ing techniques, British scientists have 
now developed a radar receiver so com- 
pact it occupies no more than 170 cubic 
inches, a small fraction of a cubic foot. 





Development of a new tin field 
near Kampar, Perak, in the Fed- 
eration of Malaya, may be under- 
taken shortly. The field is re- 
ported to contain millions of 
dollars’ worth of tin ore. 











Add one more “product” to the growing 
list now supplied in tin cans. This time 
it’s fresh Florida air, packed as a souve- 
nir by a novelty company in the Sun- 
shine State. 
- * * 

The International Tin Council recently 
estimated that the surplus of tin from 
world production this year will be be- 
tween 5000-7000 long tons. Thanks in 
large part to the International Tin 


Agreement, prices have fluctuated only 
between 1% and 2% since the beginning 
of 1957. This new price stability, in the 
opinion of many, makes tin an even 
more useful material in any plans for 
the future. 


Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted 
on tin supply, prices, new 
uses and applications. 





The Malayan Tin Bureau 
Dept. 24L, 1028 Connecticut Ave., Washington 6, D.C. 
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... for the special 
requirements of 
your industry 





METALS PROCESSING DIVISION FOUNDRY 


AIRCRAFT 


| ALLOY CASTINGS 





handles wide range of sizes, 
closely controls dimensions 





Precision testing methods 
provide close control of 
casting quality 


Curtiss-Wright’s Metals Process- 
ing Division today offers your in- 
dustry precision castings of criti- 
cal parts in a wide variety of sizes, 
and with closely controlled dimen- 
sions. For example, in the large 
casting shown, tolerance is +.030 
over 36” diameter. From its mod- 
ern, completely equipped foundry 
in Buffalo, the Division supplies 
heat, corrosion and abrasion re- 
sistant castings from a full range 
of special-property alloys, includ- 
ing ductile iron... by sand, centrif- 


QUALITY 


ugal, ceramic or shell processes. 

Precision alloying techniques, 
modern melting controls with 
spectrometer testing, X-ray con- 
trol by experienced radiographers 
— all add up to castings with su- 
perior physical and mechanical 
properties . . . mean better and 
more dependable products for the 
critical needs of industry. Quali- 
fied design engineering assistance 
is a part of the comprehensive 
Metals Processing Division serv- 
ice. Write for details. 


76 GRIDER STREET 
METALS PROCESSING DIVISION 


CURTISS-WRIGHT 





CORPORATION + BUFFALO, N. Y. 


Metals Processing Division Branch Offices: New York * Houston ° Los Angeles 
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Check your ‘SPRING 
DESIGNS with 


The I-S short run department can save you 
time and money in the planning stage or whenever 
production quantities required are limited. 
Precision springs in small lots are produced quickly 
and economically . 
for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 

recommendation on your specific spring applications, 


.. designers can check springs 


Specify I-S Beryllium Copper Springs 
— for High Strength and Endurance: 
For further information on |-S Micro- 
Processed Beryllium Copper Springs, 
consult Sweet’s Product Design File 
or write for our latest Catalog. 


+ * PROCESSED” 






BERYLLIUM COPPER 


INSTRUMENT SPECIALTIES CO., INC. 
224 Bergen Bivd. « Little Falls, N.J. 
Telephone: Little Falls 4-0280 


SPRINGS 





Meetings 
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5461 DUNHAM ROAD e 


7~ O18 3 59 € OF. UC. ae. C eC) 6 DE 
A New Dependable Source 
| Wo) am @abt_inodecte Op 4s ablel-\eme-hete! 
Injection Molded Plastics 

Branch Polyethylene * Linear Polyethylene * Nylon 


Now At Your Command 
is the specialized skills, experience and 
production facilities of American Agile, 
a pioneer and leading convertor of ther- 
moplastics. For complete service on your 
specific requirements .. . from design 
and engineering consultation... die and 
mold making to economical production 
of parts to your specifications, rely on 
American Agile. 


Let us quote you on your next project 
. » « please send working drawings or 
sample part. 


AMERICAN AGILE Corp. 


MAPLE HEIGHTS, OHIO 
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SOCIETY OF PLASTICS ENGINEERS, 1 
gional technical conference, Souther 
California section. Los Angeles. Novy 
11. 


STEEL FOUNDERS’ SOCIETY OF AMER- 
ICA, technical and operating confer 
ence. Cleveland. Nov 11-13. 


NATIONAL PAINT, VARNISH AND LAc. 
QUER ASSN., annual convention. Los 
Angeles. Nov 12-14. 

AMERICAN STANDARDS ASSN., eighth 
national conference on standards and 
39th annual meeting. San Francisco. 
Nov 13-15. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, in cooperation § with 
American Physical Society, Ameri- 
can Institute of Mining, Metallurgi- 
cal and Petroleum Engineers, Insti- 
tute of Radio Engineers and Office 
of Naval Research, conference on 
magnetism and magnetic materials. 
Washington, D. C. Nov 18-21. 


INVESTMENT CASTING INSTITUTE. Chi- 
cago. Nov 19-21. 

COMMERCIAL CHEMICAL ASSN. AND 
CHEMICAL MARKET RESEARCH ASSN., 
annual meeting. Houston, Tex. Nov 
20-21. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, annual. meeting. New 
York. Dec 1-6. 


SOCIETY FOR APPLIED SPECTROSCOPY. 
New York. Dec 3. 


AMERICAN INSTITUTE OF MINING, 
METALLURGICAL AND PETROLEUM EN- 
GINEERS, 15th annual electric furnace 
conference. Pittsburgh. Dec 4-6. 





SOCIETY OF THE PLASTICS INDUSTRY, 
Inc., eighth Film, Sheeting and 
Coated Fabrics Div. conference, New 
York. Dec 10-11. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, winter general meeting. 
New York. Jan 20-24. 


AMERICAN SOCIETY OF HEATING AND 
AiR CONDITIONING ENGINEERS, 64th 
annual meeting. Pittsburgh. Jan 
27-29. 


SocrETY OF PLASTICS ENGINEERS, 14th 
annual national technical conference. 
Detroit. Jan 28-31. 


AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS, committee week. St. Louis. 
Feb 9-15. 


AMERICAN INSTITUTE OF MINING, 
METALLURGICAL AND PETROLEUM EN- 
GINEERS, annual meeting. New York. 
Feb 16-20. 
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@B) SILICONE IDEAS 


Problem: Eliminate a potential failure point, upgrade Class 
B equipment for temporary overloads. 


Solution: Lead wire insulated with G-E silicone rubber. 
Silicone insulation, the standard for Class H equipment, 
enables manufacturers to make smaller, more compact 
motors, generators, and transformers. Class B equip- 
ment can also be upgraded to provide a safety margin 


for intermittent high temperature operation through 
the use of silicones. For example, silicone insulated 
R- lead wire eliminates a major source of failure in Class 
r- B motors, lets you standardize on one type of lead wire 
for both Class B and H equipment. Motor and ap- 
ia, ae paratus lead wire made with G-E silicone rubber with- 
on — . stands moisture and has ozone resistance approaching 
' : that of mica. It is easy to strip and solder and is flexible 
th at low temperatures. 
nd 
O. Problem: Find a hydraulic fluid that functions over the 
— 30°F to 700°F range. 
AL P Solution: Versilube F-50, General Electric's new silicone 
th enone ome ‘anu te ~ soles fluid, with the best performance over this range of 
ri- —so heat (up ve se GE any hydraulic fluid now available. 
a a. hata sa ne gor Over the — 30° F to 700° F range, only General Electric’s 
wa ile ot ony tunidaiiie Guid new silicone fluid, Versilube F-50, provides adequate 
on , performance in all these areas: thermal stability, lubri- 


— city, viscosity-temperature coefficient, oxidative stability, 
"a oxidation threshold temperature and hydrolytic stability. 


; No other serviceable hydraulic fluid matches the 
hi- thermal stability of G-E Versilube F-50—up to 600°F 
and for many applications, up to 700°F. Its lubricity is 
ND unequalled at temperatures as high as 700°F and com- 
Ns parable to other hydraulic fluids in the moderate 
Ov ranges. Versilube F-50 also maintains a more nearly 
constant viscosity than other hydraulic fluids over the 
on — 30°F to 700°F range. 
~w " For more information about Versilube F-50 and other 
G-E silicone fluids, send the coupon below. 
Pz 
Problem: Design a coil for DC motors that will eliminate 
IG, insulation failure and increase normal operating life 
a at least 10 times. 
ce hee Solution: Combine inorganic materials with G-E sili- 
“7 cones in an improved insulation system. 
Y, Auxiliary mill motors often meet unexpected high ambi- 
nd 7 ent temperatures, unforeseen extra long duty or other 
Ww emergency conditions—any of which can cause “roast- 
outs.” This problem has been solved by a Class H G-E 
silicone insulation system which will withstand continu- 
AL ous high temperatures. Silicone-treated mica mat is used 
zg. on commutating, exciting field and armature coils. In 
laboratory tests, this insulation has maintained full 
ID : dielectric strength after 314 months at 300°C. 
th ; ‘a Service life of this insulation has been calculated to be 
an Ris 32 times that of conventional Class B insulation. Actual 
2 tests with Class H and B motors coupled together prove 
th ope that insulation with G-E silicones lasts more than 5 
ns rr times as long. Five Class B motors have consecutively 
oa burned out; the Class H is still going strong. 
CR EE ee a ee ee ee ee ee eee 
. ron eens. Silicone Products Dept. 
: , : oe eneral Electric Company, Waterford, N. Y. 
Mail this coupon for more information: Sees cand tin Gants tnenieoe 
G, (_] silicone rubber for wire and cable insulation, including list of 
‘- suppliers [_] Class H insulation 
k. 


[_] silicone fluids for mechanical applications [_] | also want data on: 





> ) ELECTRIC 


Silicone Products Department, Waterford, New York 


Name Position 
Company 
Address 


City 























Built to fit 
YOUR specific 


requirements 


















































This EF gas fired unit bright anneals 
strip in single or multiple strands. 


STRIP 






3 
> 


TUBING 





rod and wire in 


Tubing, 
coils, strands or on reels are uni- 
formly processed in EF furnaces. 


strip, 





WIRE We build single or multi-stack round, 
. square or rectangular; fuel fired or 
electric bells for wire, strip, rod or other products. 


Submit your production furnace 
problems to experienced EF 
engineers—it pays. 







BULLETIN No. 461 
1 shows typical installations 
) of EF Gas-fired, Oil-fired 
| and Electric Furnaces 


Send for a copy today! 








THE ELECTRIC FURNACE CO. 


Sabu -Cher 


DIL-FIRED AND @LECTRIC FURNACES 
VY PROCESS, PRODUCT OR PRODUCTION 


Canadian Associates 
CANEFCO LIMITED + Toronto 1, Canada 





















BOOKS 
& 
REPORTS 







Books 





Fasteners Handbook. Julius Soled. 
Reinhold Publishing Corp., New York, 
1957. Cloth, 6 by 9 in., 437 pp. Price 
$12.50. 

This unique book gives dimensional 
data, features and uses of such 
standard and specialized fasteners as 
rivets, inserts, screws, bolts, studs, 
nuts, washers, retaining rings, pins, 
nails, quick release fasteners and 
hose clamps. 

Each type fastener is discussed on 
a separate page which includes an 
illustration of the fastener, manu- 
facturer’s name and address, sizes 
available, and information on type of 
material used in making the fastener. 
A directory of fastener manufac- 
turers is included. 


Structural Design in Metals: 2nd 
Edition. Clifford D. Williams and 
Ernest C. Harris. Ronald Press Co., 
New York, 1957. Cloth, 6 by 9 in., 
663 pp. Price $8. 

Intended as a first course in the 
design of metal structures at the 
junior-senior college level, this book 
has been revised extensively to in- 
corporate new materials and design 
methods. Throughout the text em- 
phasis is placed on the design of de- 
tails rather than on the complete 
structure. A general discussion and 
a list of problems that may be en- 
countered in the design of such 
metal structures as plate girders, 
trusses, bearings, rigid frames, struc- 
tural members, and riveted and 
bolted connections are given. Other 
chapters contain information on 
welding processes, rivets, bolts and 
pins. 


The Demand and Supply of 
Scientific Personnel. David M. 
Blank and George J. Stigler. Na- 
tional Bureau of Economic Research 
Inc., New York 16, 1957. Cloth, 6 by 
9 in., 220 pp. Price $4. 

Just how serious is the scarcity 
of engineers in this country? The 
authors of this book, Drs. Blank and 
Stigler, say “. . . earnings of engi- 
neers up to 1955 at least, relative 
to the entire working population 
and to the professions as a separate 
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PLATING RACK COATING 


Why does Reynosol boast one 
of the nation’s best reputations 
as a plating rack coating and 
primer—in all known plating 
solutions? 

Because REYNOSOL guaran- 
tees easy air release high gloss, 
and—important to you—quick 
fusion. For REYNOSOL custom- 
ers, this means high quality... 
plus economies that have pre- 
viously been impossible. 

Look at these general speci- 
fications—and write today 
for complete information on 
REYNOSOL rack coatings and 
























































primers: 
COLOR Unlimited 
Sp. gr. 1.20 
WEIGHT or 10 lb. per gal. 
Can be formulated 
TOXICITY to be non-toxic 
AGING PROPERTIES Good 
LIGHT kESISTANCE Good 
TYPE OF SURFACE Dry ond glossy 
TENSILE STRENGTH Very Good 
SCUFF RESISTANCE Very Good 
ABRASION 
RESISTANCE Very Good 
ALKALI RESISTANCE Very Good 
ACID RESISTANCE Very Good 
OIL RESISTANCE Very Good 
HARDNESS car 
% FILM FORMING 100% 
VISCOSITY Py pee 
COST PER 0.001” App. $.37 
THICKNESS . sq. yd. 
FIRE HAZARD None 














Member Vinyl Dispersion Division, SPI 








CHEMICAL 
PRODUCTS 
COMPANY 


ANN ARBOR, MICHIGAN 








DIVISION OF STUBNITZ GREENE CORP. 
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FOR DEBURRING e DESCALING e GRINDING e BURNISHING e POLISHING e FORMING RADII 
MICROINCH FINISHING e RUST-INHIBITING e WORK- HARDENING 


ALNCO 


has the right 








barrel finishing 
equipment 


ALMCO’S “ADVANCED DESIGN” SERIES 
Thirteen great models in this series! These 
machines feature a wide range of variable 
speeds (infinite from 6 to 30 r.p.m.), mak- 
ing possible economical deburring and finishing of the greatest 
variety of parts. Each unit has Almco’s exclusive design features 
and rugged construction to stand up under all types of punishing 
applications. 


for you! 








SUB-O-MATIC 
AUTOMATED SYSTEMS 





“FIXTURE” TYPE BARRELS 
Pioneered by Almco for processing large 
and intricate parts. Custom designed fix 
tures hold parts securely, prevent part- 
on-part impingement and allow abrasive 
action to reach all surfaces, cavities, slots, 
etc. Barrels have automatic forward and 
reverse controls. Almco also offers inte 
grated materials handling systems for 
further barrel finishing economies. 





MULTI-COMPARTMENT 
BARRELS 


Do vou have these deburring and finish- 
ing problems — wide variety of parts or 
small quantity runs where fixtures would 
be too costly? Or short to medium cycle 
runs where you could re-use compound 
for several runs? Lack of floor space for 
several machines? An Almco custom 
designed multi-compartment barrel may 
give you a cost-saving answer. Automatic 
forward and reverse. Any combination of 
compartments and doors. 


Almco’s exclusive submerged unit is an 
automatic, “assembly line” system for 
micro-precision deburring and _ finishing 
of small parts in quantity. Saves labor, 
speeds up processing and flow of high 
production parts. One man for example 
can operate this equipment and handle 
as many as 192 barrel loads per 16 hr. 
day. Slashes compound expense to mini- 
mum because compounds can be re-used 
for days at a time. These submerged sys- 
tems can also be obtained in non-auto- 
mated, straight line systems. 











































CUSTOM-DESIGNED BARRELS 

Almco designs and manufactures spe- 
cial barrels of all types for problems 
where standard equipment cannot be 
effectively used. These range from the 
smallest type to the largest fixture bar- 
rel such as the 60” diameter x 60” 
length barrel shown above. Special large 
diameter barrels with double flat or 
triple flat doors are also available to 
accommodate extra large parts and to 
allow abrasive media to flow freely 
over the outer periphery of the part. 
Your special problems may be solved 
with one of Almco’s custom-designed 
barrels. Material handling systems can 
also be closely coordinated with special 
barrels. 


SMALLER MACHINES 

Twin barrel machines manu- 
factured by Almeco are the 
standard of the industry for 
shops processing small lots of 
parts and for companies with 
large lots of small parts. Also 
ideal for sample processing, 
barrel finishing research and 
development work, and as 
auxiliary equipment. These 
units are Almco engineered 
to the highest specification 
standards and include opera- 
tional and safety features 
found on larger Almco ma- 
chines. 


ALNCO 


DIVISION OF QUEEN STOVE WORKS, INC. 











Almco deburring and finishing machines 
are ruggedly constructed to perform 
on a round-the-clock basis. They in- 
corporate the best engineering design 
required in the industry — your assur- 
ance of versatility and economical proc- 
essing of work parts. Optional equip- 
ment includes material handling devices 
and systems, automatic forward and 
reverse, double or triple flat doors, sin- 

















. YOUR SAMPLE PARTS PROCESSED without we int aad cat Gabe On 311 Marshall Street * Albert Lea, Minnesota 
5 obligation in this modern Almco test lab! forated drain doors for flushing and 
4 Simply write on letterhead for address of rinsing, unloading devices, etc. Also a Sales and Engineering Offices in Chicago, Detroit, Los Angeles, 
nearest Almco lab or send parts direct to full and complete line of Almco Super- ‘ : 
nae hoa, ine, Eactoes specifications de- sheen barrel finishing compounds and Newark, New Haven, Philadelphia and London, England. 
sired. Complete free report includes rec- : : 
ommendation. 52 PAGE BARREL FINISHING ee ee Se 
HANDBOOK SENT ON REQUEST. finishing equipment. 
Designers and Builders of all types of Barrel Finishing Equipment for the Metalworking Industry 
3 
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Nuclear Graphite 











is a Specialty at 
GRAPHITE 
SPECIALTIES 
CORP. 


¢ High strength, fine texture and 
extra pure grades of Graphite 
Specialties graphite are available 
for lowest neutron-capture cross 
section. In addition, high scatter- 
ing cross section and increasing 
strength at high temperature 
makes this material suitable for 
use in nuclear reactors as moder- 
ator, reflector, fuel elements, 
structural parts and piping. 


¢ Graphite Specialties Corp. also 
furnishes custom formulated 
grades of graphite for mechani- 
cal, metallurgical and processing 
applications, as well as for high 
temperature electric furnaces. 


e “Graph-I-Tite” is one of the 
standard formulations available. 
It is the first impervious graphite. 
It is immune to thermal shock, 
non-contaminating, not wetted 
by molten metals, and is un- 
affected by practically all cor- 
rosives, even at temperatures 
above 1,000°F. 


¢ Most types of Graphite Spe- 
cialties graphite can be molded, 
extruded or machined to close 
tolerances, and are available as 
finished components, or in rod 
tube, sheet, block or rough ex- 
truded or molded form. 


¢ Don’t let old fashioned ma- 
terials restrict your thinking. If 
you have an “ordinary” mate- 
rials problem, or one such as 
heating dry chlorine up to 
5000°F., write to GRAPHITE 
SPECIALTIES CORPORATION, 
64th & Pine Avenue, Niagara 
Falls, New York. 
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class, indicate there is no shortage 
of engineers.” 

The authors observe that about half 
of the engineers in this country are 
college graduates with engineering 
degrees; about one-tenth are gradu- 
ates of other college departments; 
and the rest are without a complete 
college education. Data presented in 
the book show that comparative 
salary levels greatly influence engi- 
neering students in selecting the 
particular branch of engineering in 
which they will specialize. 


Welding Handbook Fourth Edi- 
tion: Section One. Edited by 
Arthur L. Phillips. American Weld- 
ing Society, New York 18, 1957. 
Cloth, 6 by 9 in., 500 pp. Price $9. 

The first of five sections to appear 
over a five year span, the present 
volume contains information on 
fundamentals of welding metallurgy, 
properties of welded joints, thermal 
and mechanical treatment of weld- 
ments, design of welded joints, in- 
spection of welding, mechanical test- 
ing of welds, statistical control of 
weld quality, and safe practices in 
welding and cutting. Included are a 
dictionary of welding terms and 
general engineering tables. 


Epoxy Resins: Their Applications 
and Technology. Henry Lee. Mc- 
Graw-Hill Book Co., New York, 1957. 
Cloth, 6 by 9 in., 316 pp. Price $8. 

How do epoxy resins work? What 
are their strong and weak points? 
How can they be used most advan- 
tageously for a specific application? 
The answers to these and other ques- 
tions provide the reader of this book 
with enough information on epoxy 
resins to enable him to better use 
these plastics materials in many new 
and old commercial applications. 

The full scope of the book is indi- 
cated by typical chapter headings: 
diluents, fillers and resinous modi- 
fiers for epoxies; epoxy coatings, ad- 
hesives and laminates; plasticizers 
and flexibilizers; lightweight epoxy 
foams; casting, potting, encapsula- 
tion and sealing of epoxy resins; and 
curing. 


The Making, Shaping and Treat- 
ing of Steel: 7th Edition. U. S. 
Steel Corp., Pittsburgh, Pa., 1957. 
Cloth, 8 by 11 in., 1070 pp. Price 
$7.50. 

Completely revised since its sixth 
edition was issued in 1951, this book 
offers users of steel a comprehensive 
summary of present day theory and 





| 


| 


| 











THI 


in 


your 
molded 
plastics? 


Higit fidelity to your blueprints 
is what you have every right to 
expect from Kuhn & Jacob. In the 
hands of K & J’s long experienced 
and skilled die makers, your design 
and pieces of steel are transformed 
into precision molds on which rest 
your assurance of perfect molding 
jobs. For the full story of K & J serv- 
ice in compression molding, send 
for booklet. 





KUHN & JACOB 
MOLDING & TOOL CO. 
1203 Southard St., Trenton 8,N.J. 


Represented by 
S. C. Ullman 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 
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T Drill bolt holes in 
“clip angles.” 


2 Weld clips to stringer. 


3 Drill holes in rake 
blades. 


4 Mill stringer slots in 
rake blades. 


Bolt rakes to clip angles. 


REPEAT FOR EACH 
BLADE 


How to Cut Fabrication Costs with 
Close-Tolerance Stainless Castings 


Previous method of attachment 
of rakes to stringers was by “clip 
angles” welded to stringers, drilled 
and bolted to simple flat blades them- 
selves drilled and slotted as shown. 
Construction was expensive, and often 
unsatisfactory, in that heat of weld- 
ing tended to put rakes out of align- 
ment. 


In redesigning, Dorr-Oliver decided 
to eliminate the clip angle as a sepa- 
rate third piece by incorporating it 
into the blade castings. Original con- 
ception was to cast rough slots and 
holes, then mill and drill them to di- 
mensions. Cooper Alloy, after study 
of the piece, determined that with 
close-tolerance plastic shell cores, both 
bolt holes and stringer slots could be 
cast directly in the rake blade, with- 
out need of further machining. Also, 
that by using right- and left-hand 
patterns of rake flanges, two rake 
blades could be bolted to stringers 
with one set of bolts. 


Casting requirements stringent 

= Bolted face of each of the upright 
flanges required a smooth finish 
(250 A.S.A. Standard). 







Use of Cooper Alloy close-tolerance shell cast- ‘ 
ing eliminates 3 out of 5 machining operations Pn Ce 
for Dorr-Oliver rake classifier blades, showing 


stringer. 


stringers. 








PRESENT PROCEDURE 


1 Drill bolt holes in 


2 Bolt one-piece castings 
(complete with holes, 
slots, and flanges) IN 
RIGHT- AND LEFT- 
HAND PAIRS, to 


Type H rake classifier made by Dorr-Oliver Inc., 
of Stamford, Conn., separates solids in liquid- 
solid mixtures into two fractions according to 
particle size. Fine materials overfiow with liquid 
at lower end of inclined tank: larger particles 
settle to tank bottom, are continuously raked up 
inclined slope and dis- 


charged ‘‘over top” 
en - 


oval track due to motion 
of rocker head, must be 
precisely aligned to 
move settled material up 


Rake blades move in 


ant 











to next rake without 
either scraping or undue “” 2 
clearance. a4 
w '\4,," cored holes had to be smooth, loose pattern pieces being added to 


accurate to +.010”, and precisely 
positioned for proper fitting of 
parts. 

s Stringer slots had to be precisely 
positioned, accurate in dimensions 
to +.025”. 

= Multiplicity of patterns for differ- 
ent widths of rake blades had to be 
reduced, for economy. 


Casting solutions For the critical 
flange faces and bolt holes, shell 
“cake” cores, capable of holding pre- 

cone ~ casting =cise dimensions 
= =] down to +.010", 


were prepared. 
Ste LF AR ee Peery re They were in- 
CUTAWAY ELEVATION: 
ENTIRE PIECE IN DRAG. 

























serted and be- 
came an integral 
part of the green- 
sand molds that 
formed the less 
ADDEDLOOSE critical outer 
Tian “— blade areas. 

To save cost of a complete new pat- 
tern for each rake size, all sizes of 
rake were designed to have the same 
blade thickness and flange dimensions. 
Patterns were then made of the nar- 


rowest-width blade in each series, 
(Adv.) 


For more information, turn to Reader Service card, circle No. 426 


increase blade width of the larger 
rake sizes. 


Results —“‘These rake blades”, says 
Dorr-Oliver, “were used directly as 
cast, with no additional machining of 
any kind. Dimensions were precise, 
surfaces smooth, and finished align- 
ment better than with previous 3- 
piece welded assembly. New proce- 
dure saves time and handling, and 
has reduced our manufacturing costs 
on this piece considerably.” 


Such economy possibilities are avail- 
able in almost any shape, no matter 
how simple, or how ‘‘cut-and-dried”’. 
Cooper Alloy has specialized for 35 
years in achieving such uncommon 
results in close-tolerance stainless 
steel castings, and can do the same 
for you. 


To check on it, why not take advan- 
tage of our Foundry Engrg. Service? 
Just send us (without obligation) a 
blueprint or outline of your problem 
part, for cost analysis, to: Foundry 
Products Division, COOPER ALLOY 
CORPORATION, Hillside, N. J. 
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must your product take a beating from 


erosion corrosion ? 
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Lectro-Cladding with BART super-hard nickel 
may help solve your abrasion problems too. 


Bart Lectro-Clad® process is adaptable 
to the functional plating of many prod- 
ucts and parts in which resistance to 
erosion, corrosion, and abrasion is 
vital. Nickel with hardness and ductil- 
ity never known before is just one of 
the materials that can be Lectro-Clad 
to a wide range of base metals. Other 
metals which can be plated include 
chrome, copper, gold and rhodium. 

For assistance on any problem that 
plating might solve, Bart offers one of 
the most extensive research and de- 
velopment departments in the electro- 
plating industry. Always available for 


Hamilton Standard 
Division of United 
Aircraft Corp. re- 
cently made this 
dramatic test on a 
twin engined plane. 
Aluminum prop of 
one engine was left 
unplated—the other 
was nickelplated by 
Bart Lectro-Clad 
process. Plane was 
taxied onto runway 
covered with loose 
trap rock. Volley 
of rock sucked into 
blades left un- 
plated prop chewed 
and gouged. The 
other emerged 
practically un- 





























consultation service. scathed. 


BAR 


MANUFACTURING CORPORATION 
ELECTROFORMING « PIPE LINING & COATING 

PLATERS * CHEMICAL PUMPS + ENGINEERING DESIGN SERVICES| 

227 Main St., Belleville 9, New Jersey | 











Western Felts can be made as soft as virgin wool 
or as hard as bone—or any desired specificat “ns 
in between. But always, their live fibers hold 
their shape. They never ravel or fray . . . resist 
wear, age, and weather. 


FOR ALL FOUR 
YOUR BEST 
ANSWER IS 


Eel’ 


| WESTERN Tlt 
MANUFACTURERS AND CUTTERS 4021-4139 Ogden Ave 
Chicegeo 23, Illinois 


FELT 
OF WOOL FELTS Branches in all Principal Cities WORK 
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For over 56 years Western Felt has manufactured 
and cut specification felts for all industries. 
Whatever your problem, our experience can be 
helpful. Let our engineers investigate that pos- 
sibility for you. 





















practice covering all phases iron a 
steel production from raw materi: 
to finished products. The 50 chapt: 
and their subdivisions give valuab| 
information on the properties, uses, 
composition, fabrication, testing, he 
treating and finishing of carbon, 
alloy, stainless and electrical grad 
steels. The reader is also given i) 
formation on tin plate, steel wir 
products, terne plate, galvanized 
sheet and strip, iron and steel cast 
ings, and wrought steel products. 

The book contains 773 illustrations, 
126 tables and an extensive index. 
A bibliography is given at the end 
of each chapter, 


Reports 





Titanium-clad steel Roi CLAppING 
OF BASE METALS WITH TITANIUM. 
P. T. Mataich and F. C. Wagner, 
Horizons, Inc. Dec. ’53. 36 pp. Availa- 
ble from Office of Technical Services, 
Dept. of Commerce, Wash. 25, D. C. 
Price $1 (PB 121479) 

Experiments with roll cladding of 
titanium to steel show that a good 
bond is obtained by plating a chromi- 
um layer on the steel and pressure 
welding to titanium. Good bonds were 
also made by plating successive lay- 
ers of silver and nickel on titanium 
before cladding. Elements such as co- 
balt and nickel formed strong bonds 
to titanium, but in a very limited 
temperature range. 


Vinyl-coated fabrics WEATHERING 
RESISTANCE OF FUNGICIDAL VINYL- 
CoATED Faprics. J. C. Saylor, Wright 
Air Development Center. Jan ’57. 40 
pp. Available from Office of Techni- 
cal Services, Dept. of Commerce, 
Wash. 25, D. C. Price $1 (PB 
121913) 

Gives results of outdoor exposure 
tests conducted on cotton fabrics 
coated with vinyl formulations con- 
taining a fungicide. The fabrics were 
exposed to four climates and evalu- 
ated for breaking and _ tearing 
strength, color change and the effects 
of radiant energy from the sun. 


Coatings for titanium CHEMICAL 
SuRFACE TREATMENT OF TITANIUM. 
H: A. Pray, P. D. Miller and R. A. 
Jefferys, Battelle Memorial Institute. 
May ’53. 43 pp. Available from Offic: 
of Technical Services, Dept. of Com- 
merce, Wash. 25, D. C. Price $1.25 
(PB 111805) 

Discusses two antiwear coatings 
for titanium and its alloys. A sodium 
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.. With Cleve-Weld 
‘“‘close-tolerance’”’ 
circular welded 
components! 


When you specify bulky cast or forged parts, you 
pay for excess metal...then pay to shave it away! 
But every ounce of material on “close-tolerance” 
Cleve-Weld circular steel parts has a function. A 
minimum of finish machining gives you a compo: 
| nent ready for the assembly line! 
: With Cleve-Weld components, you reduce waste 
costs up to 30% while you save on production time. 

If your specs call for “wonder metals” like tita- 
nium, the material and machining time we can save 
you will probably pay for the whole Cleve-Weld 
part! 

Over 45 years of welding specialization backs the 








START CLOSER TO THE FINISHED PRODUCT... \ 














Cleve-Weld Process. In fact, we’ve designed our 
own special machinery for roll-and-weld processes. 
That's why we can produce, in quantity, everything 
from simple bands to jet rings and complex shapes 
and cross sections. And we’re right at home with 
practically any metal under the sun...from carbon 
steel to the latest aircraft alloys! 

Your circular components can probably be pro- 
duced through the Cleve-Weld Process! Find out 
how Cleve-Weld can cut costs and improve per- 
formance for your products...write, call or send 
drawings to Circular Welded Products Sales Depart- 
ment, at the address shown below! 


SE ES SS A a a a a Cg 





i ok | 
other methods 
{ 
fi 
f 
shaded area is waste “‘close-tolerance”’ saves 
of time, metal, money time, metal, money | 
cag 


Waste not! Wait not! Mail this coupon today! 








tnt 


I'd like a brochure on Cleve-Weld metallurgical, design and production facilities... 
telling how Cleve-Weld Process parts give better performance at lower cost. MM711 











CLEVE-WELD PROCESS 


RIM RING‘ WELDOMENTS 





CLEVELAND WELDING DIVISION 
AMERICAN MACHINE & FOUNDRY COMPANY 
Cleveland II, Ohio 


NAME 





TITLE 





ATTACH TO YOUR COMPANY LETTERHEAD AND MAIL. 
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| Practical facts on uses... 
exactly as you want them! 


Concise 
* 
astics tetraborate fluoride coating was the 
































; most versatile coating tested. The 
by HERBERT R. SIMONDS | coatings produced wear resistance Lin 
| Consulting Engineer | at a temperature below that of any Lin 
| phase transformation of titanium 
| alloys. Phosphate-fluoride coatings _ 
| show promise in wire and tube draw- Lit 
Every practical question you have about ing evaluations, and similar promise : 4 -. 
) the uses, properties, cost, or sources of is expected of borate-fluoride coat- —— er ae 
all plastics is specifically answered in ings. PG 
this truly indispensable book. It de- | | As you want them... new Mc 
scribes all known American commercial ‘ | apeee@ ; yties ls “we Mc 
| plastics, including those still in the lab- | a of manga a | uses, properties ANA SOUrces r 
oratory stage. It instructs in the selec- | STRENGTH AT 75 TO 500 F oF Four- | mamneers ante Mc 
| tion, use and oe Se ane | TEEN ADHESIVES Usep To BOND A | of engineering materials a 
contains discussions of which ones best GLASS-FABRIC-REINFORCED PHENOLIC | Jyst issued to all MATERIALS IN Dr- Ay 
| suit particular products. The informa- RESIN LAMINATE TO STEEL. John R. | gign ENGINEERING subscribers , 
| tion includes basic data on strength, | Davidson, National Advisory Com- lib f dat: ee $l b M D ae Mc 
properties, processes, production and _ | a a ets tne Dec 'S6. 2 | brary of Gata Compl y M/DE’s a 
| prices. All information is presented as | ¢ttee for Aeronautics. Dec °56. 21 editors. No other annual reference Me 
| accurately and briefly as possible. pp. Available from National Advis- | issue offers you so much up-to-date a 
| SPECIAL FEATURE: The “CONCISE GUIDE” ory Committee for Aeronautics, 1512 | selection data on so many engineer- ‘A 
| also lists the 43 most important plastics pro- H St., Wash. 25, D.C. (TN 3901) ing materials. Me 
ducers with their addresses, the names of | A\ 
hief offi ‘ izati a | ee Pleas 2e y - oO ¢ , 
J} Satgrcuncr proaust’treck'namer, and | Joining molybdenum Joma or | Please keep your copy handy. fi 
descriptions of operations. MOLYBDENUM. W. N. Platte, West- need es Mea pgaeggled io ae “Se Mi 
: > penne . wen s S as y se >» pe- A 
| 1957, 320 pages, Illustrated, $6.95 | inghouse Research Laboratories. ne Maan nn: Seaeiie Ps 
| | Available from Office of Technical | . , Ai 
BS | Services, Dept. of Commerce, Wash. | “ps Mi 
i | 95, D.C. Part 2. Nov ’55. 130 pp. | Seven Striking Reasons A 
| P P | 
| Presenting the first book | Price $3.25 (PB 11883) Part 3. | Why You Should Use The “ 
| . ‘ A Nov ’56. 85 pp. Price $2.25 (PB | Selector OFTEN! A. 
i | in Reinhold’s new 121845) | 
) Plastics Applications Series... | Part 2—Research on sintered-vac- | ] Contains 432 pages of essential 
| uum and arc-cast molybdenum welds reference data. Ne 
| indicate that if certain welding and 4 Answers practically all your ques- - 
| material conditions are carefully con- tions about 800 engineering ma- Ne 
b | trolled, joints having appreciable | terials: y 
eee y | ductility can be made. A titanium- | Specific gravity Hardness A 
THEODORE O. J. deoxidized vacuum-sintered molyb- | Thermal conductivity Creep strength , 
KRESSER denum shows better bend ductility | “eee es coe N 
Technical Service than a carbon-deoxidized vacuum- Magnetic properties Fabricating propert ‘ 
Representative, sintered material. eet hi eh tpn ie 4 Auniteble none ~ 
Spencer Chemical Co. | Part 3—The greatest improvement Impact strength Suggested uses Z 
| in the ductility of a molybdenum | Snead aaa Design factors y 
1957 | joint was in a 0.46% titanium-deoxi- . Ne 
229 pages | dized molybdenum where the tem- 3 Lists names and addresses of over A 
$4.95 perature for ductile behavior (120- 2,700 suppliers. N 
; deg bend) was decreased 40 F. Duc- | q Descriptions of 350 manufacturers’ 4 
illustrated tility data indicate that the effect of bulletins to help you select the 
Covers this exciting new material in deoxidizing or minor alloy additions right materials. , 
respect to its uses and why it is fre- is larger than the effect of atmos- 5 Edge-indexed so you can quickly 
| uently preferable to other materials. phere purification. locate data. 
prieggennisilh same os of a a sg Tough ‘elephant hide” cover with- p 
re man ur rom e ene. 
The subject is treated in s penetenl and Fatigue strength EFrect oF STONES CONSENT Use. ’ 
selective manner; each application de- CHANGING CyYcLIC MODULUS ON 7 Free of extra cost .. . it’s yours as 4 
scribed is representative of a group of BENDING FATIGUE STRENGTH. A. A. part of your Levige sabe see) to Ma- y 
Hi 2 age Includes recent Blatherwick and B. J. Lazan, Univ. terials in Design Engineering. 
| COVERS: History; General Properties; Basic of Minnesota. Oct ‘56. 189 P p. Avail- You have received the MATERIALS P 
) Chemistry; Manufacture; Processing; Applica- able from Office of Technical Serv- . . y 
ions: Fi ; , SELECTOR as a subscriber to MA > 
| tions: Films, Coatings, Pipe, Coated Wire, ices, Dept. of Commerce, Wash. 25 
Moldings, Blown Bottles, Vacuum Formings ; ; nee TERIALS IN DESIGN ENGINEERING. d 
ie . = D.C. P PB 
Miscellaneous Extrusions and Processes, - C. Price $3.25 ( 121816) Additional copies available to new 
Future Prospects. Discusses effect on fatigue subscribers only. ; 
| Send now for strength of changes in the cyclic . 
your ON-APPROVAL copies secant modulus, or the ratio of the The Materials Selector issue of 
| | maximum stress to the maximum Materials in Design Engineering 
| REINHOLD PUBLISHING CORPORATION strain of the cyclic stress-strain is a Reinhold Publication, 
+ | Dept. M-209, 430 Park Ave., New York 22, N. Y. hysteresis loop. 430 Park Avenue, New York 22, N. Y. ‘ 
For more information, circle No. 543 For more information, circle No. 589 > 
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by H. R. Clauser, Editor 


Who’s Perfect Anyway? 

Now that the first Materials Selector refer- 
ence issue is published and in your hands, we 
editors are trying hard to avoid getting an ul- 
cer or a tic worrying over the errors that surely 
will be discovered. The issue was hardly off the 
press before we ourselves found a few (p 13, 
the modulus of elasticity in tension of cast mag- 
nesium is 6,500,000 psi, not 65,000,000 psi; p 8, 
the specific gravities of molybdenum and ura- 
nium are 10.2 and 19 respectively, not 2.2 and 
1.91). And we know there will be others. With 
a data section that contains over 20,000 separate 
entries of information and data, it would be 
foolish to expect otherwise. 

This particular instance raised in our minds 
the broader question: Just what degree of ac- 
curacy can be reasonably expected of a tech- 
nical magazine (or of any printed factual ma- 
terial)? There are no standards to which we 
can refer this question. But in many ways 
publishing a magazine is like designing and 
producing any product. Many of the same con- 
siderations are involved—people, equipment, 
materials and economics. 

The engineer, in the design of his products, 
applies a safety factor to compensate for in- 


advertent errors and occurrences beyond his 
control. The production man has a control 
chart that allows him a certain percentage of 
error. Unfortunately, the editor has no factor or 
chart to guide him. If he did have a standard 
even one that permitted him as little as 1° 
error—he would be a much happier man, for he 
would know at least where he stood. 


A Writing Style for Engineers 

I came across a little book the other day that 
has more sensible things to say about the art of 
technical writing in its 140 pages than many 
books three times the size. 

The book is The Presentation of Technical 
Information by Reginald O. Kapp, Dean of the 
Faculty of Engineering in the University of 
London. It is distributed in this country by Mac- 
millan Co., New York. 

Although I take exception to some of the things 
author Kapp advocates, this does not detract 
from the book’s over-all excellence. It’s a book 
that assumes a knowledge of the mechanical 
details of writing (grammar, syntax, outline 
preparation, etc.), and concentrates on “func- 
tional English” style. It describes the distinctive 
features of technical writing style and shows 
how facts and ideas can be presented simply, 
logically and economically. 

Let me quote and paraphrase some of the 
things Kapp has to say in his introductory chap- 
ter about the consequences of poor technical 
writing. He points out that many a good engi- 
neer and scientist has an impressive volume of 
published work, but that it loses much of its 
value because it is poorly written. “With sub- 
lime conceit he (the engineer) thinks himself, 
perhaps, superior to the obligations of mere 
craftsmanship; or it has never occurred to him 
that rather hard work has to be done whenever 
thought is being transferred from mind to mind; 
or, if it has occurred to him, he is content to let 
the reader do the whole of his work .. .” 

Kapp goes on to say that the writings of such 
an author are like quarries rich in ore but hard 
to work. The engineer-author is saying in effect, 
“Let those who want the ore dig for it.’’ And 
often the reader has no choice but to dig. Many 
of us have spent long, weary hours quarrying in 
atrociously composed technical papers and arti- 
cles. The boss often has no other choice, either. 
He must take the reports of his engineers home 
with him. “So while he should be recuperating 
for the next day’s task he must quarry instead 
... among a disordered sequence of ideas, clumsy 
sentences, unfinished arguments, unexplained 
conclusions, undefined terms, and ambiguous 
phrases.” He, like the rest of us when we are 
making a literature search, is turned into a 
quarry slave. The bad engineer-author is our 
master. 
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